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To  make  ONE  plywood  for  both  interior  and  exterior  use  —  at  a 
competitive  price"*"—  use  RcjwlSO 


TV  7o  make  a  belter  quality  plywood  at  a  competitive 
price,  take  advantof’e  of  all  these  money-sari  lift  features  of 
MKI.UKAC  :u)0; 

1.  MWIR  RtitciS  Although  glue  line  cost  per  1000  square  feet 
is  higher  than  with  some  other  glues,  manufacturers  have 
saved  money  In^cause  of  the  low  numlM'r  of  rejects. 

2.  lASY  HANDLING  AND  MIXING  Can  he  Used  without  catalysts. 
MKLURAC  000  is  supplic'd  as  a  fre**-flowing  dry  powder.  Only 
water  need  Im*  added. 

3.  NONSTAINING  MKi.iJRAC  000  is  clear  and  colorless  .  .  .  quick 
si*tting  .  .  .  nonstaining.  You  can  u.se  thinner  veneers  and 
lighter  woods. 

4.  LONG  WORKING  Lift  When  properly  prepared,  mki.urac  000 
has  a  usable  life  of  more  than  10  hours  at  90°  F.  Glue  lo.ss 
is  cut  to  a  minimum. 

5.  LONG  ASSLM8LY  TIME  Under  normal  conditions,  veneers  spread 
with  MKLURAC  000  can  l)e  stored  several  days,  if  nece.ssary, 
l)efore  pressing.  Avoids  need  for  precure. 

6.  MODERATE  CURING  TEMPERATURE  Optimum ' pressing  temper¬ 
ature  is  only  240°  F.  .  .  .  minimizes  "blows.” 

7.  fAST  CURE  With  Cyanamid’s  Hardener  M-025,  the  cure  rate 
of  MKI.URAC  000  is  virtually  as  fast  as  Urea  resin  adhesives. 


MELURAC  300  provides  a  completely  waterproof,  l)oil- 
resistant  glue  line  for  high  quality  plywoods — flat  or 
curved,  light  or  heavy,  for  interior  or  exterior  applica¬ 
tions.  This  resin  combines  the  advantages  of  both  mela¬ 
mine  and  urea  .  .  .  enables  you  to  streamline  production 
and  realize  important  savings. 

Want  to  build  a  better  line?  Want  to  give  your  com¬ 
petitor  a  real  run  for  the  orders?  Melurac  300  wilt  give 
you  the  answer!  Send  us  the  details  of  your  open  lion, 
or  ask  to  have  a  Cyanamid  representative  call.  V^  <  will 
be  happy  to  work  with  you. 


Look  for  These  6  Signs 
of  Good  Motor  Design 


✓ 


9^  Mot(rt6 

lot  1lie60  VqW! 


KOTOR  —  Di«  cast  aluminum 
ior  maximum  ttransHi.  ProcH* 
colly  indottructibU  In  icrvicn. 


STATOR  —  Multiplu-dippod, 
baked  after  every  dip.  Builds 
up  tough  protection  against 
heat,  moisture,  corrosion. 


FRAMB  —  Rigid  cast  Iren.  De* 
signed  te  held  bearing  align* 
ment,  resist  corrosion,  prevent 
distortion  under  any  normal 
operating  condition.' 


MARINOS  —  DoubU  shieMeo 
with  provision  for  in-service  lu* 
bricotion  if  desired.  Will  run  fer 
long  periods  without  attention 
but  can  be  greased  if  condi¬ 
tions  demand  it.  Thoroughly 
protected  against  outside  dirt. 


VINTILATION  —  Drip-prooi 
with  plenty  of  internol 
culotion  te  prevent  hot 


CONDUIT  lOX  —  Provides 
plenty  of  room  te  connect  leads. 
Adiu^ble  te  any  position.  Long 
leads  moke  connection  easy. 


Certified  Service  —  Nearly  100  Allis-Chalmers  Certified 
Service  Shops  provide  factory-approved  parts  and  service 
on  your  Allis-Chalmers  motors.  Screened  for  modern  equip¬ 
ment,  adequate  experience  and  business  integrity,  these  in¬ 
dependently  owned  service  shops  will  provide  you  with 
prompt,  economical  repair  and  maintenance. 


I - 

;  So/d . . . 

{  Applied  .  .  . 

{  Serviced  . . . 

I  by  Allis-Chalmers  Authorized  Distributors, 
I  Certified  Service  Shops  ond  Sales  Offices 


Complete  Drives  from  One  Source  —  Allis-Chalmers  can 
supply  your  complete  drive  —  motor,  control  and  Texrope 
V-belt  drive  —  from  one  convenient,  reliable  source. 

Application  Engineering  —  Your  Allis-Chalmers  District 
Office  representative  or  Authorized  Dealer  will  be  glad  to 
help  you  select  exactly  the  right  motors  for  your  needs. 
For  additional  information,  write  Allis-Chalmers,  Milwau¬ 
kee  1,  Wisconsin,  for  Bulletin  51B6052. 


7*xrep«  t$  on  Alllt-Chulmuri  Irodumork. 


throughout  the  country. 


CONTROL  —  Manual, 
magnetic  and  combina¬ 
tion  starters;  push  but¬ 
ton  stations  and  compo¬ 
nents  for  complete  con¬ 
trol  systems. 


TEXROPE  V-belts  in 
all  sizes  and  sections, 
standard  and  Vari- 
Pitch  sheaves,  speed 
changers. 


/UllS-CHAUIERS^l^ 


PUMPS  —  Integral 
types  from  >4  in. 
to  72  In.  discharge 
and  up. 


J 


Get  Swift  Satisfaction 
for  Your  Adhesive  Needs  with 

RCI GUIES 


Whether  you  use  hot  press,  cold  press,  or 
R/F,  whether  you  patch  or  splice,  whether 
you  make  plywood,  furniture'  or  utilize 
wood  waste,  you’ll  find  the  glue  that’s  ex¬ 
actly  right  for  you  in  RCI’s  wide-range  line. 

RCI  manufactures  urea-formaldehyde, 
phenol-formaldehyde  and  resorcinol  resin 
adhesives,  as  well  as  soybean  and  casein 
glues . . .  produces  its  own  phenol  and  for¬ 
maldehyde  to  assure  quality  . . .  supplies 
you  promptly  via  rail  tank  car  or  highway 
tank  wagon  from  numerous  strategical ly- 
located  plants... aids  you  technically  from 
nation-wide  field  service  offices. 

All  we  ask  you  to  do  is  try  a  production 
run  of  the  glue  we’ll  recommend  for  you. 
Call  or  write  us,  and  you’ll  see  why  it  pays 
to  make  RCI  your  source  of  glue  supply. 

REICHHOLD  CHEMICALS,  INC. 

630  Rfth  Av«nw»,  N«w  York  20,  N.  Y. 

Creative  Chemistry ..  .Your  Partner  in  Progress 
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It  shows  how  a  resin  product  has  licked  old  man  winter. 

This  cube  of  resin  glue  was  frozen  in  an  ice  tray. 

Then  thawed.  Not  once;  but  twice— 

without  any  loss  of  strength  or  any  working  properties. 

This  is  good  news  for  the  woodworking  industry. 

Usually,  vinyl  woodworking  glues  are  ruined  by  freezing. 
Others  lose  up  to  75%  of  their  strength. 

Today,  National’s  wood-lok®  3026  can  be  shipped 
through  any  kind  of  weather  and  stored 
in  frigid  warehouses  without  damage. 

Showing  once  again  what  imaginative 
resin  research  can  do. 


STARCHES 
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FPRS  News 

A/erchandising  Award 
Announced 

Woodworking  Digest,  Hitchcock 
pablishing  Co.,  Wheaton,  Ill.,  has 
announced  the  creation  of  an  Award 
(  ontest  to  focus  attention  on  industry 
Cl  mpanies  and  associations  that  are 
doing  outstanding  jobs  in  the  mer¬ 
chandising  of  wood  and  in  wood  utili¬ 
zation  and  in  the  development  of  new 
pi-oducts  that  help  keep  wood  in  a 
strong  competitive  position. 

The  awards  will  be  made  in  a 
number  of  industry  categories.  A  panel 
of  judges  will  be  chosen  from  various 
industry  associations  and  individual 
leaders.  The  Awards  will  be  made  at 
the  8th  Annual  meeting  of  the  Forest 
Products  Research  Society  at  Grand 
Rapids,  Mich.,  May  5,  6,  7,  1954. 
Details  will  be  published  in  the  Janu¬ 
ary,  1954,  issue  of  Woodworking 
Digest  and  otherwise  publicized.  Fur¬ 
ther  information  may  be  obtained  by 
writing  Woodworking  Digest. 

This  award  will  compliment  the 
Wood  and  Wood  Products  Award 
given  each  year  for  outstanding  stu¬ 
dent  papers. 

Executive  Board  to 
Meet  in  Madison 

The  FPRS  Executive  Board  will 
hold  its  next  meeting  at  the  Society’s 
National  Offices  at  Madison,  Wis.,  on 
March  1-2,  1954.  Chief  problems  that 
will  receive  attention  of  the  Board  at 
that  time  will  be  to  work  out  a  budget 
and  otherwise  review  finances  for 
1954,  and  to  make  a  thorough  going 
study  of  the  Society’s  growing  publi¬ 
cations  program  and  attendant 
problems. 

Marketing  Committee  Formed 

At  a  recent  special  meeting  in  Chi¬ 
cago,  it  was  voted  to  form  a  Subject 
Matter  Committee  on  Marketing.  Pres-  I 
ident  Robert  D.  Pauley,  who  attended  | 
the  meeting,  appointed  Phil  Creden  of  i 
Hines  Lumber  Co.,  Chicago,  to  serve  ! 
as  committee  chairman  until  the 
Annual  meeting  in  May. 

1954  National  Meeting 

Pi  an  now  to  attend  the  1954  Annual 
Me.  ing  which  will  be  held  May  5,  6 
and  ^  at  Grand  Rapids,  Mich.,  at  the 
Panrlind  Hotel.  In  conjunction  will  be 
held  the  ”1954  Woodworkers  In- 
dust  V  Show”,  a  full-scale  machinery 
and  upplier  exhibit,  with  which  FPRS 
is  CO  perating. 
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FPRS  Officers 

WITH  A  MEMBERSHIP  of  OVer  2600 
persons  as  this  Annual  issue  goes 
to  press,  the  National  work  of  FPRS 
is  administered  by  elected  Executive 
Board  comprised  of  five  officers  and 
six  regional  board  members.  The  sec¬ 
tional  work  is  governed  by  84  officers 
and  trustees.  The  various  administra¬ 
tive  and  subject  matter  committees  add 


Executive  Officers 

President — Robert  D.  Pauley,  Manager, 
Special  Products  Division,  Weyerhaeuser 
Timber  Company,  Tacoma  Building,  Ta¬ 
coma,  Washington. 

President-Elect — L.  J.  Carr,  L.  J.  Carr 
Lumber  Company,  P.  O.  Box  1282,  Sac¬ 
ramento,  California. 

Vice  President — M.  B.  Christian,  Direc¬ 
tor  of  Research,  Chicago  Mill  &  Lumber 
Company,  Tallulah,  Louisiana. 

Pnst  President — Kenneth  G.  Chesley,  Di- 
j  rector  of  Research,  Crossett  Lumber  Com- 
!  pany,  Crossett,  Arkansas. 

Executive  Secretary — Frank  J.  Rovsek, 
Box  2010,  University  Station,  Madison  5, 
Wisconsin. 

Regional  Board  Members 

Southeast  Section — E.  S.  Harrar,  P.  O. 
Box  FM,  Duke  Station,  Durham^  North 
Carolina. 

South-Central  Section — W.  Jeter  Eason, 
Nickey  Brothers,  2700  Summer  Avenue, 
Memphis  12,  Tennessee. 

Northeast  Section — W.  B.  Wilkins,  245 
E.  Ridgewood  Avenue,  Ridgewood,  New 
Jersey. 

North-Central  Section — J.  Alfred  Hall, 
Director,  Forest  Products  Laboratory,  U.  S. 
Department  of  Agriculture,  Madison,  Wis¬ 
consin. 

Northwest  Section — F.  R.  Armbruster, 
Dow  Chemical  Company,  1809  Seventh 
Avenue,  Seattle,  Washington. 

Southwest  Section — Ray  E.  Shreck,  Di¬ 
rector,  Research  &  Development,  Union 


and  Committees 

another  117  names  to  the  work  of  the 
Society. 

On  this  and  following  pages  are 
listed  a  majority  of  the  people  who 
are  the  leaders  of  this  dynamic  move¬ 
ment  for  a  strong  forest  products  in¬ 
dustry.  To  each  and  to  their  wives 
FPRS’  2600  members  acknowledge  a 
sincere  debt  of  gratitude. 


Lumber  Company,  620  Market  Street,  San 
Francisco,  California. 

Section  Officers 
Carolinas-Chesapeake,  ’54 

Chairman — Walton  R.  Smith,  72  Hibriten 
Drive,  Asheville,  North  Carolina. 

Vice  Chairman — W.  L.  Irwin,  Poinsett 
Lumber  Manufacturing  Co.,  Box  181,  Pick¬ 
ens,  South  Carolina. 

Secretary-Treasurer — J.  S.  Bethel,  North 
Carolina  State  College,  Raleigh,  North 
Carolina. 

Trustees — John  Colucci,  Jr.,  Southern 
Box  &  Lumber  Company,  Box  627,  Wil¬ 
mington,  North  Carolina;  H.  C.  L.  Miller, 
Miller-Hofft,  Inc.,  P.  O.  Box  8718,  Rich¬ 
mond,  Virginia;  John  Bemis  Veach,  Jr., 
Hardwood  Corporation  of  America,  P.  O. 
Box  1091,  Asheville,  North  Carolina. 


Deep  South  Section,  ’54 

Chairman — James  W.  Craig,  Forester, 
Mississippi  Forestry  Commission,  P.  O. 
Box  649,  Jackson,  Mississippi. 

Vice  Chairman — W.  L.  Lear,  Crossett 
Lumber  Company,  Crossett,  Arkansas. 

Secretary-Treasurer — W.  N.  Darwin,  For¬ 
est  Utilization  Section,  Forest  Relations, 
TV  A,  Norris,  Tennessee. 

Trustees — Paul  F.  Hursey,  Kurth  Lum¬ 
ber  Company,  P.  O.  Box  5491,  Jasper, 
Texas;  R.  D.  Carpenter,  3805  Parkway 
Drive  (Apt.  D),  Shreveport,  Louisiana; 
R.  W.  Hess,  845  Fifth  Avenue,  Laurel, 
Mississippi. 

(Continued  on  page  26i) 


EXECUTIVE  BOARD  MEMBERS,  left  to  right,  seated:  Moss  B.  Christian,  1.  J.  Carr,  Robert  D. 
Pauley,  and  K.  G.  Chesley.  Standing  ore:  W.  B.  Wilkins,  E.  S.  Harrar,  J.  Alfred  Hall, 
F.  R.  Armbruster,  W.  Jeter  Eason,  Ray  E.  Shreck,  and  Frank  J.  Rovsek. 
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is  the  key  to  quality  with  the  NEW  TYPE 
“DA”  PROCTOR  VENEER  DRYER 


The  outgrowth  of 

II 

Proctor’s  long  experience 
1 

in  the  veneer  industry — 


j  this  dryer  is 
backed  by  the 

Proctor  &  Schwartz 
guarantee. 


CONTROLLED  AIR  CIRCULATION  —  up  to  4  times  as  great 
as  that  used  in  the  past — provides  an  even  distribution  of 
air  at  a  high  velocity  across  the  entire  width  of  this  dryer- 
promoting  faster,  more  even  drying. 

CONTROLLED  TEMPERATURE  may  be  changed  easily  to  suit 
requirements  varying  with  species,  thickness  and  moisture 
content  of  the  veneer. 

CONTROLLED  EXHAUST  SYSTEM  maintains  the  best  pos¬ 
sible  moisture  content  within  the  dryer  at  all  times  to 
virtually  eliminate  the  danger  of  searing  or  case-hardening. 


CONTROLLED  SPEED  at  which  veneer  is  carried  through  the  dryer 
permits  adjusting  to  suit  varying  thicknesses  or  types 
of  veneer. 

CONTROLLED  UNIFORM  PRESSURE  by  the  hold  down  con¬ 
veyor  keeps  the  veneer  flat  during  drying.  This,  combined 
with  even  air  distribution  and  regulated  humidity  assures 
veneer  that  is  truly  flat,  truly  top  quality. 


fVri'te  for  more  details 


Proctor  &  Schwartz,  Inc. 


PHILADELPHIA  20,  PA 
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DECEMBER,  1953 


1953  National  Annual  Meeting 


("^OST  CUTTING  by  means  of  statis- 
tical  control,  increased  production 
ti  l  rough  use  of  carbide  cutting  tools, 
practical  gluing  of  preservative  treated 
wood,  and  latest  furniture  finishing 
tc.hniques  are  but  a  few  of  the  brief- 
ca'iC  full  of  ideas  that  424  wood  in¬ 
dustry  executives,  suppliers,  research¬ 
ers  and  suppliers  took  home  from  the 
7th  annual  meeting  of  the  Forest  Prod¬ 
ucts  Research  Society,  held  June  15- 
16-17  at  the  Peabody  Hotel  in  Mem¬ 


phis,  Tenn.  Three  hundred  and  eleven 
members  and  113  guests,  in  addition 
to  33  ladies,  took  part  in  eight  tech¬ 
nical  sessions,  a  variety  of  subject  mat¬ 
ter  committee  meetings,  tours  of  Mem¬ 
phis  area  w'ood  products  plants  and 
the  traditional  Society  social' events. 

Executive  Board  Meets 

Preceding  the  official  opening  of 
the  three-day  meeting,  the  FPRS  Board 
of  Directors  met  for  an  all-day  session 
on  Sunday,  June  14,  under  the  chair¬ 
manship  of  retiring  president,  Ken  G. 
Chesley,  Director  of  Research,  Cros- 
sett  Lumber  Co.,  Crossett,  Ark.  The 
Bo.ird  reviewed  the  previous  fiscal 
year  and  current  finances;  and  author¬ 
ized  setting  aside  into  savings-type 
securities  a  small  financial  reserve  for 
future  needs.  It  reviewed  a  proposal 
of  the  ”1954  Woodworkers  Industry 
Show"  organization  and  approved  co¬ 
op,  ration  in  arrangements.  A  full- 
scale  machinery  show  will  be  held  in 
conjunction  with  the  FPRS  Eighth  An¬ 
nua  National  Meeting  in  Grand  Rap¬ 
ids  May  5,  6,  7,  1952.  In  other  ac¬ 
tio:  affecting  the  membership  the 

Bo.i'j  voted  to  authorize  additional 
.ince  in  the  Executive  Office,  and 
str  gthen  review  of  qualifications  and 
da  fication  of  FPRS  members. 


FPRS  "Subject  Matter”  Committees 
Meet 

Sunday  evening  the  Education  Com¬ 
mittee,  composed  of  leaders  in  the 
field  of  wood  education,  met  to  dis¬ 
cuss  specific  means  colleges,  univer¬ 
sities  and  industry  can  employ  to  fur¬ 
ther  the  training  of  qualified  special¬ 
ists  for  various  branches  of  the  wood 
industry;  and  attract  promising  stu¬ 
dents  into  wood  technology  schools. 
Prominent  educators  from  virtually 
every  such  university  in  the  U.  S.  and 
Canada  were  represented,  under  the 
direction  of  the  Committee  Chairman, 
Dr.  Robert  Wellwood,  University  of 
British  Columbia,  at  Vancouver. 

Monday  morning  the  meeting  offi¬ 
cially  opened  with  formal  registration, 
$6  members,  $10  non-members,  and 
the  annual  business  meeting  of  the 
Society  (see  page  7).  Reports  of  the 
Exc*cutive  Secretary,  Audit,  Member¬ 
ship,  Publications,  Resolutions  and 
Subject  Matter  Committees  were  read. 
Several  constitutional  amendments 
clarifying  dues  and  student  services 
were  adopted.  A  Tellers’  Committee 
was  appointed.  A  moment  of  silent 
meditation  for  deceased  members  was 
observ'ed. 

Throughout  the  day  on  Monday 
various  FPRS  subject  matter  commit¬ 
tees  met  to  discuss  organization  and 
projected  committee  work.  These  in¬ 
cluded  committees  on  Glues  and  Glu¬ 
ing,  Wood  Drying,  Quality  Control, 
Logging  and  Milling,  Wood  Machin¬ 
ing,  Packaging,  Composition  Board, 
Chemical  Utilization,  Wood  Preserva¬ 
tion  and  Wood  Finishing.  Commit¬ 
tees  on  Student  Services  and  National 
Membership  also  met,  as  well  as  the 
Carbide  Standardization  Committee  of 
ASME. 

Pres.  Chesley  Opens  Technical 
Sessions 

The  technical  program  opened  with 
sessions  I  and  II  on  Monday  after¬ 
noon,  covering  new  developments  in 
Quality  Control  and  in  Glues  and 
Gluing.  Keynote  address  of  the  Qual¬ 
ity  Control  sc-ssion  was  given  by  Carl 
E.  Noble,  Superintendent,  Customer 
Acceptance  Laboratories,  Kimberly- 
Clark  Corporation,  Neenah,  Wis.  The 


title  was  "Statistical  methods  and  the 
modern  quality  control  program”.  Mr. 
Noble  reviewed  the  philosophy  of  sta¬ 
tistical  quality  control  and  pointed  out 
how  it  can  be  used  to  maintain  prod¬ 
uct  characteristics  on  which  continu¬ 
ing  customer  acceptance  is  based. 

John  J.  Lawlor,  Quality  Control 
Dept.,  National  Store  Fixtures,  Inc., 
Odenton,  Md.,  gave  a  paper  entitled, 
"An  application  of  statistical  methods 
to  the  Thickness  Control  of  Lumber 
Core  Panels”.  Said  Mr.  Lawlor,  "The 
rc'al  value  of  the  control  chart  lies  in 
its  sensitive  reaction  to  the  presence 
of  assignable  causes  of  variation.  As 
soon  as  a  point  goes  out  of  control 
limits,  a  prompt  hunting  for  the  cause 
can  bring  about  its  discovery  and  cor¬ 
rection.” 


"Quality  control  in  furniture  manu¬ 
facturing”  was  discussed  by  Richard  C. 
Calahan,  Assistant  Superintendent,  In¬ 
spection  Department,  The  Singer 
Manufacturing  Company,  South  Bend, 
Ind.  Mr.  Calahan  gave  a  number  of 
practical  hints  on  obtaining  within- 
plant  acceptance  and  cooperation  in 
instituting  a  quality  control  program. 

Robert  H.  Ripley,  Head,  Quality 
Testing  Operations,  Douglas  Fir  Ply¬ 
wood  Association  Laboratory,  Tacoma, 
Wash,  presented  "Effective  quality 
control  on  end  product”,  and  dis¬ 
cussed  the  success  of  his  association 
in  maintaining  quality  standards  in 
the  numerous  separately  owned  and 
operated  plants. 

"Some  applications  of  statistical 
quality  control  to  the  drying  of  lum¬ 
ber”  was  the  title  of  a  paper  presented 
by  Willard  E.  Pratt,  head,  technical 
division,  California  Redwood  Associa¬ 
tion,  San  Francisco,  California.  Mr. 
Pratt  pointed  out  how  standard  qual¬ 
ity  control  measure's  make  it  possible 
to  quickly  detect  moisture  variations 
in  lumber  that  are  due  not  to  the  nor¬ 
mal  variations  of  production  but  to 
unwanted  and  correctable  causes. 

The  quality  control  program  and 
ensuing  discussion  was  arranged  and 
directed  by  Charles  Latimer,  Nickey  ' 
Brothers,  Inc.,  Memphis,  Tenn. 

(Continued  on  page  233) 
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Try  us  once  .  .  .  you'll  stick  with  us 
Because  Notional  Casein  glues  stick  for  you 


One  reason  why  our  customers  are 
steady  customers  for  years  and  years  is 
'that  you  get  the  right  glue  for  your 
particular  job  when  you  want  it — and 
in  whatever  quantities  you  prefer  to 
buy — tank  car,  tank  truck,  drum — or 
package!  Adequate  stocks  of  all  but 
special  formula  glues  are  maintained  at 
both  Chicago  and  Riverton.  Same-day 


service  is  yours  on  most  orders.  Tank 
car  and  tank  truck  shipments  take  a 
little  longer. 

Contact  the  National  Casein  office  nearest 
you  for  the  right  glue  for:  Exterior  and  in¬ 
terior  plywoods  .  .  .  Machine  edge  gluing  and 
hand  work  .  .  .  Decorative  plastics  .  .  .  Chip 
board  manufacture  .  .  .  Laminating  hard- 
boards,  veneer  splicing,  laminated  rafters  .  .  . 
Glues  to  pass  all  government  specifications. 


Rational  Casein 
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COMPANY  SUPPORTING  MEMBERS 


Ai  \BAMA 

T.  Smith  Lumber  Co.,  Chapman 
A  KANSAS 

‘radley  Lumber  Co.  of  Arkansas,  Warren 
vrossett  Lumber  Co.,  Crossetc 
.)ierks  Lumber  &  Coal  Co.,  Mountain  Pine 
outhem  Lumber  Co.,  Warren 

C.-»  .MFORNIA 

•  alifornia  Redwood  Association,  San  Francisco 
J.  Carr  &  Co.,  Sacramento 
Trane  Mills,  Corning 
1>  ory  Pine  Co.,  Dinuba 
National  Wood  Treating  Corp.,  Oroville 


Greenlee  Tool  Co.,  Rockford 
Edward  Hines  Lumber  Co.,  Chicago 
Illinois  Interior  Finish  Co.,  Chicago 
Johnson  &  Carlson,  Chicago 
Masonite  Corp.,  Chicago 
Pressed  Steel  Car  Co.,  Inc.,  Chicago 
Sherwin-Williams  Co.,  Chicago 
Steger  Furniture  Mfg.  Co.,  Steger 
Wood  Sc  Wood  Products,  Chicago 
INDIANA 

I'he  Dunbar  Furniture  Mfg.  Co.,  Berne 
National  Homes  Corp.,  Lafayette 
IOWA 


.icon  Lumber  Co.,  Inc.,  Burney 
:  atter,  Webster  &  Johnson,  Stockton 
Winton  Lumber  Co.,  Martell 
F.  K.  Wood  Lumber  Co.,  San  Francisco 

GtORGIA 

Southern  Wood  Preserving  Co.,  Atlanta 
IDAHO 

Potlatch  Forests.  Inc..  Lewiston 
ILLINOIS 

General  Electric,  Illinois  Cabinet  Plant,  Rock¬ 
ford 


Curtis  Co.  Inc.,  Clinton 
LOUISIANA 

A.  J.  Hodges  Industries,  Inc.,  Shreveport 
Louisiana  Long  Leaf  Lumber  Co.,  Fisher 
MARYLAND 

National  Store  Fixture  Co.,  Inc.,  Odenton 
J.  I.  Wells  Co.,  Salisbury,  Maryland 
MASSACHUSETTS 

Draper  Corp.,  Hopedale 
Heywood-Wakefield  Co.,  Gardner 
A.  G.  Spalding  Sc  Bros.,  Inc.,  Chicopee 


KEY  MEN  IN  SUCCESSFUL  ANNUAL  MEETING  AT  MEMPHIS 


Here  is  presented  local  Memphis  committee  that  devoted  much  effort  to  making  7th  Annual 
Meeting  successful.  Seated:  James  R.  Massey,  W.  Jeter  Eason,  and  L.  J.  Heatherly.  Stand¬ 
ing:  James  Wiseman,  Dan  Copp,  Henry  H.  Willins,  and  Richard  Wilson. 


1953  National  Meeting  Committee 

General  Meeting  Chairman — M.  B. 
Christian,  Chicago  Mill  and  Lumber 
(.0. 

National  Meeting  Chairman — 
W.  Jeter  Eason,  Nickey  Bros.,  Mem¬ 
phis,  Tenn. 

Technical  Program  Chairman — R.  D. 
I’luley,  Weyerhaeuser  Timber  Com- 
jany 

General  Arrangements  Chairman — 
'*enry  H.  Willins,  National  Oak 
flooring  Mfrs.  Association;  and 
1  J.  Heatherly,  Southern  Hardwood 
I  oducers 

P' :  '  -1  ic  Relations  Chairman — James  R . 
^•assey,  International  Harvester  Co. 

Jf  !  RNAL  of  FPRS 


Finance  Chairmen — Richard  Wilson, 
Dan  Copp,  Wilco  Machine  Works 

Plant  Tours  Chairman — James  Wise¬ 
man,  E.  L.  Bruce  Co. 

Host  and  Membership  Chairman — 
Charles  Latimer,  Nickey  Bros.,  Inc.; 
Members:  Roswell  Carpenter,  Wal¬ 
ter  Agurkis,  George  C.  Elliott,  Jr., 
J.  F.  Haskins,  Robert  E.  Allen, 
Mark  M.  Lehrbas,  Walter  Lear, 
Paul  R.  Kramer,  John  Wozniak, 
Walt».r  H.  Gay,  L.  G.  Sanderson 

Ladies’  Program — Mesdames  W.  J. 
Eason,  H.  H.  Willins,  L.  J.  Heath¬ 
erly  and  Charles  Latimer 


MICHIGAN 

Baker  Furniture,  Inc.,  Grand  Rapids 
The  Connor  Lumber  Sc  Land  Co.,  Wakefield 
The  Dow  Chemical  Co.,  Midland 
Everett  Piano  Co.,  South  Haven 
The  Lloyd  Manufacturing  Co.,  Menominee 
MINNESOTA 

Mereen-Johnson  Machine  Co.,  Minneapolis 
Rilco  Laminated  Products,  Inc.,  St.  Paul 
Wabash  Screen  Door  Co.,  Minneapolis 
MISSOURI 

Monsanto  Chemical  Co.,  St.  Louis 
NEVADA 

Vaughn  Millwork  Co.,  Reno 
NEW  YORK 

American  Defibrator,  Inc.,  New  York 
Borden  Co.,  New  York 
Peter  Cooper  Corps.,  Gowanda 
Oval  Wood  Dish  Corp.,  Tupper  Lake 
Reichhold  Chemicals,  Inc.,  N.  Y. 

United  States  Plywood  Corp.,  New  York 
Wood  Metals  Industries,  Inc.,  N.  Y. 

NORTH  CAROLINA 

The  Champion  Paper  &  Fiber  Corp.,  Canton 
Deluxe  Saw  Sc  Tool  Company,  High  Point 
OHIO 

The  Baker  Wood  Preserving  Co.,  Columbus 
The  Baldwin  Co.,  Cincinnati 
Buckeye  Screen  Sc  Weatherstrip  Co.,  Columbus 
Coe  Manufacturing  Company,  Painesville 
The  Kirk  Sc  Blum  Mfg.  Co.,  Cincinnati 
Moraine  Box  Company,  Dayton 

OREGON 

Cascades  Plywood  Corporation,  Portland 
Evans  Products  Co.,  Coos  Bay 
J.  Neils  Lumber  Co.,  Portland 
Oregon  Lumber  Co.,  Baker 
Stimson  Lumber  Co.,  Forest  Grove 
West  Coast  Lumberman’s  Assn.,  Portland 
PENNSYLVANIA 
Blaw-Knox  Company,  Pittsburgh 
Firth  Sterling  Steel  Sc  Carbide  Corp.,  Pittsburgh 
Frick  Company,  Waynesboro 
Gunnison  Homes,  Inc.,  Harrisburg 
Koppers  Company,  Inc.,  Pittsburgh 
Perkins  Glue  Co.,  Lansdale 
SOUTH  CAROLINA 
Lightsey  Brothers,  Miley 
TENNESSEE 
E.  L.  Bruce  Co.,  Memphis 
Chapman  Chemical  Company,  Memphis 
Memphis  Hardwood  Flooring  Co.,  Memphis 
Nickey  Bros.,  Inc.,  Memphis 
Tenn.  Produas  Sc  Chemical  Corp.,  Nashville 

TEXAS 

Wm.  Cameron  &  Co.,  Inc.,  Waco 
Kirby  Lumber  Corporation,  Houston 
VERMONT 

Fyles  &  Rice  Co.,  Inc.,  Bethel 
WASHINGTON 

American  Marietta  Co.,  Seattle 
Deer  Park  Pine  Industry,  Inc.,  Deer  Park 
Douglas  Fir  Plywood  Association,  Tacoma 
Eatonville  Lumber  Co.,  Tacoma 
The  Long-Bell  Lumber  Co.,  Longview 
Simpson  Logging  Co.,  Shelton 
Weyerhaeuser  Timber  Co.,  Tacoma 
WISCONSIN 

The  BuckstafI  Co.,  Oshkosh 
Harnischfeger  Corp.,  Port  Washington 
Holt  Hardwood  Co.,  Oconto 
Marathon  Corp.,  Rothschild 
Mosinee  Paper  Mills  Co.,  Mosinee 
D.  J.  Murray  Mfg.  Co.,  Wausau 
Paine  Lumber  Co.,  Oshkosh 
Rhinelander  Paper  Co.,  Rhinelander 
ALASKA 

Ketchikan  Spruce  Mills,  Ketchikan 
CANADA 

British  Columbia  Lbr.  Mfrs.  Assn.,  Vancouver, 
B.  C. 

Canadian  Forest  Products  Limited,  New  West¬ 
minster,  B.  C. 

Dominion  Electrohome  Industries,  Ltd., 
Kitchener,  Ont. 

'The  Knight  Mfg.  Sc  Lbr.  Co.  Ltd.,  Meaford, 
Ontario 

MacMillan  Sc  Bloedel  Limited,  Vancouver,  B.  C. 
A.  S.  Nicholson  Sc  Son,  Ltd.,  Burlington,  Ont. 
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The  addition  of  as  little  as  10%  of  Lauxite  MF  300  melamine 
resin  improves  the  bond  durability  of  urea  glues.  By  varying  the 
percentage  of  Lauxite  MF  300,  you  can  obtain  any  degree  of 
durability  your  individual  needs  demand.  This  flexibility  results 
in  real  dollar  and  cents  economy— often  saving  plywood  manu¬ 
facturers  up  to  50%  in  glue  costs. 

Other  advantages  of  Lauxite  MF  300  include  its  colorless 
glue  line  and  simplicity  of  use.  Already,  woodworkers  are 
finding  it  extremely  profitable  to  upgrade  flush  doors,  export 
shipping  containers,  table  and  desk  tops,  and  many  other  prod¬ 
ucts  whh  this  more  durable  adhesive.  So,  why  not  call,  or 
write  or  wire  and  let  a  technical  representative  of  Monsanto, 
the  world’s  leading  supplier  of  glues  to  the  woodworking 
industry,  develop  the  best  Lauxite  MF  300  or  Lauxite  MF 
300-urea  combination  for  your  needs. 

Address:  Monsanto  chemical  company.  Plastics  Division, 
Springfield  2,  Massachusetts.  (Monsanto  in 
Canada :  Montreal. )  Lauxite :  Keg.  r.  s.  I’at.  orr. 

Monsanto's  Western  Division  manufactures  and  supplies  a  complete 
line  of  plywood  and  woodworking  adhesives  for  western  industry  from 
conveniently  located  plants  at  Seattle,  Washington  and  Santa  Clara, 
California. 

Phenolic,  melamine  urea,  resorcinol,  soybean,  and  casein  glues  are 
included  in  this  complete  line  for  plywood  production,  edge  gluing,  and 
general  assembly  gluing. 

For  information  on  these  adhesives,  and  on  the  entire  line  of  Monsanto 
adhesives  sold  west  of  the  Rocky  Mountains,  write  to: 

MONSANTO  CHEMICAL  COMPANY,  911  Western  Ave.,  Seattle  4,  Washington. 


Adhesives 

for 

Western  Industry 


..with 

Monsanto 

Lauxite 

MF300 
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Journal  of  the  Forest  Products  Research  Society 

research  ★  DEVELOPMENT  ★  PRODUCTION  ★  UTILIZATION  ★  DISTRIBUTION 
Ill,  No.  5  December,  1953 

Research  and  the  Whole  Wood  Pile' 

HONORABLE  REPRESENTATIVE  HARRIS  ELLSWORTH 

Member  of  Congress,  State  of  Oregon 


CiNCE  I  HAVE  BEEN  in  Memphis  and  have  had  an  oppor- 

tunity  to  observe  this  National  Convention  of  the  Forest 
Products  Research  Society,  it  has  become  quite  apparent  to 
me  that  you  have  achieved  something  that  is  of  importance 
to  the  whole  field  of  forest  products  industry.  I  am  refer¬ 
ring  to  the  unity  of  interest  in  the  general  field  of  forest 
products  research  as  exemplified  by  the  fact  that  you  are 
drawn  from  all  segments  of  the  vastly  differentiated  wood 
industry  and  that  your  program  gathers  together  matters  of 
interest  in  many  specialized  fields  into  an  organic  whole. 

There  was  a  time  when  almost  all  of  the  product  of  the 
forest  went  to  lumber  and  fuel,  but  that  is  no  longer  true. 
Pulp  and  paper  products,  for  example,  are  taking  about  as 
much  wood  as  was  indicated  in  the  total  lumber  production 
of  the  country  20  years  ago  and  the  steady  increase  in  pulp 
and  paper  consumption  indicates  that  there  is  no  visible 
limit  to  the  requirements  of  our  people  in  this  field. 

The  relative  newcomers  in  the  field  of  fiber  products — 
hardboards,  softboards,  and  their  various  relatives — are  in¬ 
creasing  in  importance  at  the  same  time  that  plywood  con¬ 
tinues  to  increase  in  demand. 

This  proves  to  me  the  validity  of  the  basic  concept  of 
the  Forest  Products  Research  Society,  that  the  unification 
of  research  effort  in  forest  products  is  bound  to  be  fol¬ 
lowed  by  closer  unification  and  integration  of  all  the  mul¬ 
tiple  units  of  industry  that  depend  upon  wood  products. 

Long  ago  I  became  thoroughly  convinced  that  the  way 
to  have  and  perpetuate  productive  forests  was  to  learn  to 
use  the  forests  wisely  and  well.  I  also  learned  that  a  single¬ 
product  industry,  lumber  for  example,  or  plywood,  or  pulp 
and  paper,  not  integrated  with  other  industries,  was  likely 
to  prove  destructive  of  forest  values.  It  has  seemed  to  me 
that  we  do  not  take  advantage  of  all  the  manufacturing 
techniques  that  we  know  in  order  to  do  a  much  better  job 
of  integration  of  forest  industries. 

It  seems  to  me  also  that  there  is  too  much  of  a  lag  be¬ 
tween  the  time  research  results  are  obtained  in  forest  prod¬ 
ucts  and  the  time  they  are  put  to  work.  For  example,  where 
there  are  perhaps  only  a  half  dozen  steel  companies  that  by 
themselves  can  use  extensive  research  programs,  sales  pro¬ 
grams,  and  developmental  programs,  there  are,  on  the  other 
hand,  50,000  or  more  sawmills  or  producers  of  basic  wood 
products.  There  is  a  vast  difference  between  conducting  re¬ 
search  in  that  field  and  conducting  research  in  steel  or 
aluminum  or  petroleum,  whose  units  are  vast,  well 
financed,  and  well  organized. 

In  1951,  for  instance,  while  the  lumber  industry  was  in- 
vc-sting  the  meager  total  of  $810,000 — 3/100  of  one  per 
cent  of  its  gross  product  value — in  product  research,  here  is 
^'hat  its  competitive  industries  were  doing: 

■■  hemicals  put  in  $204,170,000 — or  2.5%  of  its  gross 
products — into  research. 

I'lbricated  metals  allocated  $38,404,000 — or  0.9% — in 
product  development.  In  addition,  primary  metals  invested 
S3  i.4l  5,000— or  0.4%. 

'  ■  liuhlifihts  from  official  luncheon  talk  of  Rep.  Ellsworth. 


The  forest  products  industries  have  done  tremendously 
well  with  glued  and  laminated  wood  and  plywood  manu¬ 
facturing  since  the  chemical  industry  made  the  waterproof, 
durable,  synthetic  resin  glues  available. 

Suppose  now  that  from  a  layman’s  point  of  view  we  run 
over  together  the  future  of  wood  as  we  see  it.  In  the  first 
place,  let’s  think  about  wood  as  a  raw  material  for  the 
engineer  who  is  going  to  build  or  manufacture  somc-thing 
out  of  pieces  of  wood  as  wood.  What  have  we  done,  and 
what  do  we  need  to  do?  Through  the  efforts  of  a  lot  of 
research  men,  we  know  that  wood  has  finally  reached  a 
position  of  some  prestige  as  an  engineering  material  on 
the  basis  of  predictable  strength  properties.  Yet  there  is 
still,  I  am  told,  an  awful  lot  of  wood  wasted  by  over- 
design.  We  know  that  we  have  made  excellent  progress  in 
recent  years  in  our  ability  to  fabricate  designed  members — 
arches,  trusses,  beams,  and  so  on- — from  wood  in  such  ways 
that  their  load-bearing  capacity  and  resistance  to  stresses 
are  pretty  accurately  predictable. 

There  are  some  other  tasks  that  must  be  done  before  we 
can  do  a  really  good  job  in  forest  management.  We  must 
be  able  to  sell  all  the  grades  of  lumber  that  come  as  a 
product  of  the  cut,  and  we  must  be  able  to  sell  them  at  a 
profit. 

But  there  is  more.  I  have  seen  recently  some  interesting 
combinations  of  veneer  and  paper  stock  put  together  with 
glue  that  develop  extremely  important  properties  from  the 
standpoint  of  strength  and  resistance  to  the  give-and-take 
of  moisture. 

One  of  the  obstacles  to  the  fullest  possible  growth  in 
the  laminating  field  is  that  we  still  do  not  have  adequate 
inspection  methods  to  determine  whether  we  have  done  a 
good  job  of  gluing  or  not;  to  know  without  breaking  some¬ 
thing  apart  whether  you  have  stuck  it  together  v/ell. 

The  basic  property  of  the  wood  fiber  that  still  plagues 
all  branches  of  the  forest  products  industries  is  its  pro¬ 
pensity  to  take  on  and  give  off  moisture,  and  shrink  and 
swell.  I  can  dream  about  a  piece  of  wood  that  is  fireproof, 
decay-proof,  shrinkproof,  and  cheap,  and  possibly,  at  the 
same  time,  made  out  of  stuff  that  we  now  burn  up  or  throw 
away. 

We  are  not  paying  enough  attention  to  the  ordinary 
processing  of  wood.  There  must  be  opportunities  for  im¬ 
provement  in  manufacturing  and  refinement  that  should 
yield  to  strong  research  effort.  Fundamentally,  a  sawmill 
runs  just  about  the  same  way  it  did  40  years  ago.  In  the 
woodworking  plant,  there  are  a  lot  of  high-speed  and  high- 
production  shaping  machines,  but  they  don’t  do  anything 
much  differently  than  the  old  furniture  factory  did  it  a 
half  century  back.  We  are  using  a  lot  of  new  combinations 
of  materials  that  are  really  challenging  our  engineers. 
Therein  I  see  some  hope.  If  we  can  get  away  from  the  idea 
that  we  must  use  lumber  or  paper  or  veneer  by  itself  and 
begin  to  think  in  terms  of  putting  all  kinds  of  wood  prod¬ 
ucts  togc*ther,  to  make  the  most  useful  goods,  I  think  we 
shall  have  made  a  very  important  step  forward. 


JOURNAL  of  FPRS 


11 


YOUR  GUIDE  TO  ADHESIVES... 

The  Perkins  Trade  Mark  is  your  guarantee  of  quality  and  relia* 
bility  when  you  purchase  glues.  Since  1899,  customer-confidence 
in  Perkins  has  grown  steadily  — a  deserved  tribute  to  superior 
products  backed  by  competent  service  and  rigid  ethical  standards. 

When  you  use  a  Perkins  Glue  in  your  operations,  you’ll  agree 
with  other  leading  woodworkers  —  Perkins  serves  you  best! 


RESIN — Hot  Press  and  Cold  Press  •  Liquid  or  Powder  Type 
CASEIN  —  A  brood  line  to  meet  your  specific  requirement 
VEGETABLE  —  As  originated  and  perfected  by  Perkins  Glue  Co. 
ANIMAL  —  Ready-to-use  Liquid  •  Heot-then-use  Gel 

•  •  • 

VENEER  AND  CORE  REPAIR  COMPOUNDS  •  VENEER  SIZE 
GLUE  ROOM  SPECIALTIES  •  MIXERS  •  SPREADERS  •  BRUSHES 
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Subjea:  Quality  Control 
Chairman:  Charles  Latimer 
Recorder:  James  Bethel 


Statistical  Methods  and  the  Modern 
Quality  Control  Program 

CARL  E.  NOBLE 

Superintendent,  Customer  Acceptance  Laboratories,  Kimberly-Clark  Corporation,  Neenah,  Wisconsin 


Demands  for  greater  production  and  better  quality  compel  the 
Forest  Products  Industries  to  develop  more  efFective  quality  control 
programs.  Statistical  concepts  and  methods  supply  valuable  and 
often  necessary  aids  in  the  establishment  of  such  programs.  The 
modern  quality  control  program  should  include  (a)  significant  and 
reliable  quantitative  measures  of  product  quality,  (b)  realistic 
specifications,  and  (c)  systems  for  controlling  and  improving  quality 
from  the  raw  materials  to  the  customer’s  use  of  the  product. 


Thh  Forkst  Products  Industries 
have  long  possessed  systems  for 
controlling  quality  and  many  of  these 
systems  have  served  well.  It  is  not  sur¬ 
prising,  therefore,  to  hear  an  execu¬ 
tive  in  one  of  these  industries  ask, 
"How  can  statistical  methods  improve 
our  present  systems  of  quality  control  ? 
Why  are  these  systems  inadequate?” 
B.  E.  Sooy,  Gardner  Board  and  Carton 
Company,  gives  a  partial  answer  to 
these  questions  when  he  says  that  we 
must  obtain  greater  production  to  les¬ 
sen  cost  and  better  quality  to  meet 
customer  requirements.  The  paper- 
maker  is  finding  it  difficult  to  produce 
paper  for  the  present  day  high  speed 
presses  with  quality  control  systems 
developed  in  the  1920  era.  Statistical 
quality  control  offers  such  systems  a 
much  needed  lift.  It  demands  that  the 
procedures  of  sampling  and  measuring 
the  product  and  analyzing,  interpretat¬ 
ing,  and  reporting  quality  data  be  re¬ 
evaluated.  This  paper  describees  the 
various  aspects  of  a  "modern”  quality 
control  program  and  the  role  of  sta¬ 
tistical  methods  in  the  development  of 
this  program.  It  is  fitting  to  begin  the 
discussion  with  a  brief  explanation  of 
the  nature  of  statistical  methods. 

Nature  of  Statistical  Methods 

Sutistical  methods  are  applicable  in 
proc  sses  yielding  measurements  sub- 
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ject  to  variation,  and  such  processes 
are  everywhere  in  research  and  pro¬ 
duction.  Variation  not  only  occurs  but 
is  expected.  Statistical  methods  in¬ 
volve  a  study  of  variation.  The  pat¬ 
tern  of  variation  for  many  processes 
can  be  adequately  characterized  with 
examples  in  games  of  chance.  The 
basis  of  much  of  the  statistical  meth¬ 
odology  lies  behind  such  patterns  of 
variations.  Consider  a  game  in  which 
your  opponent  tosses  twelve  dice.  On 
the  average  two  aces  would  be  ex¬ 
pected  each  time  the  twelve  dice  are 
thrown.  Thus,  a  fair  method  of  play¬ 
ing  this  game  would  call  for  him  to 
pay  you  two  dollars  before  the  toss 
and  in  return  to  receive  one  dollar 
from  you  for  each  ace  he  tosses.  Varia¬ 
tion  in  the  number  of  aces  is  ex¬ 
pected.  However,  what  would  you  do 
if  your  opponent  throws  four  aces  and 
wins  two  dollars  from  you?  Have  you 
been  cheated?  What  if  he  throws  five, 
six,  or  seven  aces?  When  should  you 
become  concerned  with  this  process? 
When  should  action  be  taken?  Too 
often  your  decision  depends  entirely 
upon  subjective  judgment,  your  phys¬ 
ical  and  financial  condition,  and  not 
upon  a  knowledge  of  the  dice  tossing 
process  and  the  probabilities  associated 
with  it. 

Probability  theory  gives  the  exact 
probability  of  obtaining  four,  five,  or 
any  number  of  aces  when  the  dice 
throwing  process  is  unbiased.  Figure  1 
depicts  the  probabilities  of  various 
numbers  of  aces  turning  up  when 
twelve  dice  are  tossed  in  an  unbiased 
operation.  This  chart  shows  the  prob¬ 
ability  to  be  0.125  that  four  or  more 
aces  will  appear.  Hence,  when  one  is 
playing  this  game  he  should  expect 
four  aces  occasionally.  However,  seven 
or  more  aces  occur  by  chance  only  one 


time  in  a  thousand  tosses,  and  such  an 
event  deserves  action.  A  decision  to 
thoroughly  investigate  the  dice  throw¬ 
ing  process  whenever  your  opponent 
tosses  seven  or  more  aces  seems  wise. 

The  manufacturers  of  forest  prod¬ 
ucts  are  continuously  faced  with  mak¬ 
ing  decisions  on  processes  which  are 
similar  to  those  in  dice  tossing.  If  the 
finish  of  a  sample  of  paper  selected 
from  a  lot  is  one  point  low,  is  the  fin¬ 
ish  for  the  entire  lot  off  standard? 
What  is  the  probability  of  this  sample 
of  paper  measuring  one  point  low 
even  though  the  entire  lot  is  standard  ? 
There  is  variation  in  finish  through¬ 
out  a  lot  of  paper  the  same  as  there  is 
variation  in  the  number  of  aces  ob¬ 
tained  in  the  dice  tossing  process. 
Should  the  furniture  manufacturer  be 
alarmed  with  his  percentage  of  waste 
in  a  certain  operation  yesterday  be¬ 
cause  it  increased  from  the  standard 
of  8  percent  to  12  percent?  This 
manufacturer  cannot  answer  the  ques¬ 
tion  intelligently  unless  he  has  some 
indication  of  the  probability  of  secur¬ 
ing  a  waste  figure  of  1 2  percent  when 
the  factors  contributing  to  waste  are 
normal.  A  principle  function  of  sta¬ 
tistical  methods  is  to  provide  the  prob¬ 
abilities  associated  with  the  various 
waste  percentage's.  With  this  informa¬ 
tion  there  can  be  set  realistic  control 
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limits  within  which  the  waste  percent¬ 
ages  can  be  expected  to  vary  even 
though  the  process  is  normal.  Since 
the  probability  is  small  that  one  of 
these  percentages  will  fall  outside  the 
control  limits  from  chance  causes 
alone,  it  is  assumed  that  the  process 
is  not  normal  when  such  an  event 
occurs  and  action  is  taken  to  bring 
the  process  back  to  normal. 

Measurement 

The  description  of  the  nature  of 
statistical  methods  lays  the  foundation 
for  the  development  of  a  statistical 
quality  control  program.  A  sound 
quality  control  program  demands  first 
that  quality  be  measured  quantitatively. 
In  the  Forest  Products  Industries  there 
are  ever  so  many  important  quality 
characteristics  for  which  no  quantita¬ 
tive  measurements  are  available.  Qual¬ 
ity  is  still  judged  entirely  upon  a  quali¬ 
tative  basis  for  these  characteristics 
with  no  agreement  regarding  what  is 
satisfactory  quality.  Its  insistence  upon 
quantitative  measurements  is  probably 
one  of  the  greatest  contributions  that 
statistical  quality  control  can  make  to 
industry.  S.Q.C.  provides  attributes 
and  rank  measurements  and  the  jury 
panel  approach  where  the  usual  vari¬ 
ables  type  measurements  are  not  ap¬ 
plicable.  For  example,  with  attribute 
measurements  there  are  established 
photographs,  specimens  of  the  prod¬ 
uct,  and  written  standards  which  serve 
as  divisions  between  satisfacto^  and 
unsatisfactory  quality.  These  points  of 
division  are  set  and  agreed  to  by  the 
personnel  having  the  know-how  and 
information  necessary  for  establishing 
reliable  standards. 

Specifications 

The  next  step  in  the  development 
of  the  quality  control  program  brings 
realistic  specifications  which  take  into 
account  the  customer  needs,  the  capa¬ 
bilities  of  the  manufacturing  process, 
and  costs. 

A.  The  Product  Must  Meet  the 
Customer’s  Needs.  During  the  war 
Army  personnel  were  provided  with 
rations  which  passed  every  chemical 
and  biological  test.  In  spite  of  these 
test  results  (which  were  not  known  or 
cared  about  by  the  men)  some  of 
these  rations  were  universally  rejected 
by  the  soldiers  (1).  The  significant 
taste  specifications  were  overlooked. 

The  practice  of  including  specifica¬ 
tions  of  little  importance  to  the  cus¬ 
tomer  can  be  as  costly  sometimes  as 
the  omission  of  significant  specifica¬ 
tions.  There  are  examples  where  the 
specifications  on  a  paper  product  call 
for  (say)  bursting  strength  far  be¬ 
yond  that  required  for  the  end  use 
of  the  paper.  The  maintenance  of  high 


bursting  strength  not  only  adds  cost 
but  frequently  reduces  the  ability  of 
the  paper  to  meet  some  of  its  other 
specifications  such  as  those  for  print¬ 
ing.  Specifications  should  meet,  as 
nearly  as  possible,  the  true  needs  of 
the  customer. 

B.  Specifications  Must  be  Consist¬ 
ent  with  Process  Capabilities.  A  cer¬ 
tain  packaged  paper  product  had  a 
length  specification  of  9  inches  ±  ^ 
inch.  After  many  customer  complaints, 
the  process  and  product  were  investi¬ 
gated  to  determine  if  these  specifica¬ 
tions  were  too  wide.  The  measurement 
of  series  of  ten  consecutive  items  pro¬ 
duced  in  less  than  ten  seconds  re¬ 
vealed  that  even  over  such  a  short 
production  interval  the  variation  in 
lengths  was  such  that  the  process  re¬ 
quired  specifications  near  9  inches  ± 
%  inch,  twice  as  wide  as  the  estab¬ 
lished  specifications. 

This  brought  to  light  the  fact  that 
the  operators  had  been  forced  to  ig¬ 
nore  these  narrow  specifications  in  or¬ 
der  to  get  out  production  and  actually 
were  operating  without  any  specifica¬ 
tions.  The  specifications  were  then 
widened  to  9  inches  dt  1/^  inch  and  a 
control  system  set  up  to  insure  that 
these  reasonable  specifications  be  met. 
It  should  be  added  that  these  new 
specifications  were  satisfactory  to  the 
customer.  Not  one  customer  complaint 
has  been  received  on  the  length  of 
this  item  in  over  three  years. 

C.  Finally,  the  necessity  of  setting 
specifications  in  such  a  manner  that 
the  product  can  be  manufactured  at  a 
competitive  cost  needs  no  elaboration 
here. 

Statistical  quality  control  does  not 
replace  judgment.  It  promotes  a  pro¬ 
gram  which  uses  the  best  available 
judgment  based  upon  objective  facts 
to  establish  quality  control  in  a  com¬ 
pany.  This  is  in  evidence  in  the  for¬ 
mulation  of  specifications.  Practical  ex¬ 
pediency  dictates  modifications  of 
specifications  from  time  to  time.  How¬ 
ever,  these  modifications  should  be 
made  by  individuals  who  have  the 
facts  concerning  process  capabilities 
and  the  end  use  requirements  of  the 
product,  and  not  by  the  operator  whose 
primary  interest  may  lie  only  in  an 
improvement  of  his  production  effi¬ 
ciency. 

Complete  specifications  should  state 
clearly  (a)  the  amount  of  product  to 
include  in  a  lot,  (b)  the  method  of 
selecting  the  sample  from  the  lot,  (c) 
the  procedures  for  testing  the  speci¬ 
mens  in  the  sample,  (d)  the  statistics 
(such  as  the  arithmetic  mean)  to  cal¬ 
culate  from  the  test  data,  (e)  the  con¬ 
formance  limits  for  the  statistics,  and 
(f)  the  action  to  take  on  the  lots 
when  the  statistics  fail  to  meet  their 


conformance  limits.  The  teeth  are 
taken  out  of  specifications  too  fre¬ 
quently  by  failure  to  explicitly  set 
forth  the  action  to  take  upon  non- 
conforming  lots.  A  statement  of  action 
on  non-conforming  lots  places  speci¬ 
fications  on  a  businesslike  basis.  This 
phase  of  specifications  motivates  the 
Manufacturing  Department  to  estab¬ 
lish  systems  of  raw  materials  inspec¬ 
tion  and  process  quality  control  and 
to  take  other  steps  to  insure  that  the 
finished  product  meets  the  specifica¬ 
tions. 

Raw  Material  Inspection 

A  good  quality  control  system  meas¬ 
ures  and  aids  in  the  control  of  quahty 
from  the  raw  materials  to  the  finished 
product.  A  system  of  raw  matenal 
inspection  is  rather  easy  to  establish  if 
sound  specifications  are  available,  liie 
literature  is  filled  with  sampling  n- 
spection  tables  for  performing  this 
function  (2-5).  However,  the  raw 
material  inspection  problem  is  often 
clouded  by  the  fact  that  the  customer 
is  unable  to  tell  the  supplier  what  is 
wrong  with  his  product  in  language 
which  the  supplier  understands.  Tht  re 
is  needed  the  quantitative  measure  of 
quality. 

A  paper  converting  mill  had  diffi¬ 
culty  with  the  carton  used  to  pack  age 
one  of  its  products.  The  cartons  failed 
to  run  consistently  in  the  packaging 
machine.  The  mill  complained  that 
these  cartons  did  not  open  properly, 
break  at  a  scored  line,  or  seal.  Such 
complaints  had  limited  meaning  to 
the  carton  manufacturer.  After  re¬ 
peated  complaints  failed  to  improve 
the  quality  of  the  cartons,  the  mill 
initiated  a  program  in  which  all  the 
bench  tests  that  could  have  any  con¬ 
ceivable  influence  upon  the  runnabil- 
ity  of  the  cartons  were  made  on  each 
lot  of  cartons  received.  In  fact,  new 
bench  tests  were  developed.  The  man¬ 
ner  in  which  the  cartons  in  each  lot 
ran  on  the  packaging  machine  was  cor¬ 
related  with  each  of  the  bench  tests. 
A  number  of  the  bench  tests  were 
found  to  correlate  well  with  the  run- 
nability  of  the  cartons  on  the  packag¬ 
ing  machines  and  to  supply  data  from 
which  the  runnability  of  the  cartons 
could  be  predicted.  The  carton  m.mu- 
facturer  was  shown  these  tests  .md 
given  specifications  within  which  the 
test  data  must  conform  in  order  lor 
the  cartons  to  run  satisfactorily.  The 
data  from  these  significant  i„sts 
formed  the  basis  for  modification  in 
the  manufacturer’s  production  \  oc- 
esses  and  subsequently  for  the  control 
of  these  processes.  The  quality  b'  i,'an 
improving  and  within  one  year  .it ter 
the  manufacturer  was  given  these  t'.sts, 
the  number  of  delays  due  to  poor  .ar- 
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ton  runnability  was  cut  75  percent.  It 
luiy  be  true  that  the  customer  is  right 
b)  definition,  yet  he  has  much  to  gain 
wish  a  cooperative  attitude  toward  the 
supplier  in  the  common  quality  im¬ 
provement  problems. 

Process  Control 

.  Statistical  quality  control’s  most  out¬ 
standing  contribution  to  industry  is 
probably  in  the  field  of  process  con¬ 
trol.  It  stresses  the  philosophy  that 
qu  ility  should  be  built  into  a  product. 

To  insure  quality  by  screening  the  de¬ 
fective  items  from  the  finished  prod¬ 
uct  is  too  costly.  In  fact,  this  proce¬ 
dure  is  difficult  to  apply  with  many 
products  such  as  rolls  of  paper. 

The  work  horse  of  statistical  qual¬ 
ity'  control  is  the  control  chart.  It  has 
helped  control  paf>er  quality  from  the 
trees  to  the  finished  paper.  Printers 
are  using  this  chart  as  the  basis  for 
inspecting  incoming  paper  for  ream 
count,  basis  weight,  moisture  content, 
and  many  other  characteristics  as  well 
as  to  control  such  factors  as  paper 
waste,  ink  consumption,  printing  qual¬ 
ity,  and  press  delays  in  their  own  op¬ 
erations.  The  control  chart  is  aiding 
the  plyw<x)d  manufacturer  in  improv¬ 
ing  both  the  level  and  uniformity  of 
quality  in  many  of  his  operations. 

An  example  of  the  application  of  a 
control  chart  to  improve  basis  weight 
uniformity  shows  the  benefits  obtain¬ 
able  with  this  chart.  Before  the  con¬ 
trol  chart  was  introduced  the  machine 
tenders  were  sometimes  making  as 
many  as  20  adjustments  during  a  24- 
hour  period  in  order  to  maintain  what 
they  considered  standard  basis  weight. 
The  decision  to  make  an  adjustment 
usually  depended  upon  the  basis 
weight  measurements  of  a  sample  taken 
at  the  end  of  a  reel.  If  the  basis  weight 
measurements  for  this  sample  aver¬ 
aged  0.5  of  a  pound  above  standard, 
the  basis  weight,  was  often  lowered  to 
bring  it  back  to  standard.  The  adjust¬ 
ment  was  made  without  full  realiza¬ 
tion  of  the  variation  in  the  basis 
weight  measurements.  The  machine 
tender  needed  an  answer  to  the  ques¬ 
tion;  "How  much  variation  in  basis 
weight  in  the  sample  must  be  ex¬ 
pected  even  though  the  average  basis 
weight  within  the  entire  reel  is  stand¬ 
ard?’  What  is  the  probability  of  the 
basis  weight  in  the  sample  averaging 
0.5  pounds  high  when  the  basis  weight 
in  the  reel  is  standard?  This  informa¬ 
tion  greatly  helps  the  machine  tender 
,  produce  more  uniform  quality.  In  gen- 
t‘ral,  he  has  been  over-correcting  his 
proc.^s.  He  has  raised  and  lowered  his 
niacliitie  basis  weight  as  a  result  of 
1  sample  averages  which  were  within 
the  normal  variation  of  his  process. 
It  m.  St  be  remembered  that  each  of 
these  unnecessary  adjustments  merely 


enlarges  the  variability  in  the  basis 
weight  of  the  paf>er. 

In  face  of  this  background  a  con¬ 
trol  chart  was  set  up  to  aid  the  ma¬ 
chine  tenders  in  controlling  basis 
weight.  The  machine  tenders  were  in¬ 
structed  to  make  adjustments  in  basis 
weight  only  when  the  sample  average 
or  range  fell  outside  its  control  lim¬ 
its.  These  control  limits  were  proved 
satisfactory  before  such  instructions 
were  issued.  Since  the  establishment 
of  this  control  chart  system,  it  has  not 
been  uncommon  for  the  paper  ma¬ 
chines  to  operate  for  24  hours  without 
a  basis  weight  adjustment.  The  basis 
weight  now  varies  approximately  one- 
half  what  it  did  when  over-adjustments 
by  machine  tenders  greatly  inflated 
the  basis  weight  variability.  Industry  is 
filled  with  examples  of  over-control 
by  operators.  Much  of  this  over-control 
is  forced  by  narrow  specifications 
which  fail  to  allow  for  the  inherent, 
uncontrollable,  chance  variation  exist¬ 
ing  in  the  manufacturing  operation. 

Experimental  Design 

A  quality  control  program  can 
hardly  be  considered  complete  unless 
provisions  are  made  to  handle  such 
problems  as  those  of  bringing  the  out- 
of-control  process  back  to  normal  and 
meeting  the  often  occurring  situation 
in  which  the  process  capabilities  de¬ 
mand  specifications  unsuitable  to  cus¬ 
tomer  needs.  The  solution  of  these 
problems  and  others  like  them  are 
greatly  facilitated  by  such  statistical 
tools  as  the  "t”  test,  test,  cor¬ 
relation  theory,  analysis  of  variance, 
and  the  control  chart.  "These  tools  pro¬ 
vide  the  basis  for  designing  experi¬ 
ments  in  order  to  obtain  maximum 
information  at  minimum  cost. 

Statistical  methods  have  much  to 
offer  technical  personnel  in  research 
and  development.  As  a  matter  of  fact 
they  are  stymied  in  many  of  their  ex¬ 
periments  without  techniques  for  sep¬ 
arating  such  factors  as  interactions 
between  cause  systems  and  for  study¬ 
ing  the  effects  of  many  variables 
changing  simultaneously  in  the  more 
complicated  processes.  The  reader  is 
encouraged  to  consult  the  literature 
(6-10)  for  further  details. 

Finished  Product  Inspection 

The  statistical  quality  control  pro¬ 
gram  attempts  to  control  the  manu¬ 
facturing  operation  at  each  of  its  crit¬ 
ical  points  in  such  a  way  that  the  fin¬ 
ished  product  will  be  satisfactory. 
Even  with  a  rather  complete  in-process 
control  system  it  has  been  found  ad¬ 
visable  to  set  up  an  agency  independ¬ 
ent  of  the  Manufacturing  Department 
to  measure  the  degree  to  which  the  fin¬ 
ished  product  satisfies  the  customer’s 


requirements.  This  independent  agency 
(sometimes  called  a  Customer  Accept¬ 
ance  Laboratory  or  C.A.L.)  serves  as 
a  representative  of  the  customer  with¬ 
in  the  company.  Its  principal  function 
is  to  insure  that  the  company’s  product 
is  suitable  for  the  customer’s  needs. 

To  carry  out  this  function,  C.A.L. ; 

1.  Samples  lots  .of  the  finished  prod¬ 
uct  as  they  are  ready  for  ship¬ 
ment  to  the  customer. 

2.  Measures  only  those  quality  char¬ 
acteristics  which  predict  the  prod¬ 
uct’s  ability  to  satisfy  the  cus¬ 
tomer  requirements. 

3.  Is  concerned  only  with  those 
quality  deviations  affecting  the 
•ability  of  the  product  to  meet 

these  requirements. 

4.  Reports  its  quality  results  directly 
to  top  management. 

C.A.L.  spends  much  time  in  the 
study  of  such  factors  as  customer  com¬ 
plaints  in  order  to  determine  those 
quality  characteristics  of  importance  to 
the  customer  and  the  extent  of  uni¬ 
formity  which  must  be  maintained  in 
these  quality  characteristics.  An  all- 
important  function  of  this  agency  is 
the  development  of  tests  capable  of 
predicting  customer  experience  with 
the  product.  The  development  of  such 
tests  has  done  much  to  guard  against 
the  shipment  of  unsatisfactory  mate¬ 
rial  and  has  led  to  many  process  im¬ 
provements. 

The  ability  of  the  paper  to  print  is 
measured  by  running  it  through  a 
printing  press.  The  printed  specimens 
are  compared  against  carefully  selected 
standards  and  graded  as  satisfactory  or 
•lefective  of  a  minor,  major,  or  critical 
degree.  These  classifications  are  sc-t  up 
in  such  a  manner  that  the  customer 
can  tolerate  only  .a  small  percentage  of 
major  defects  and  no  critical  defects. 
The  other  quality  characteristics  of 
customer  significance  are  also  classified 
in  the  minor,  major,  and  critical  cate¬ 
gories.  If  the  G.  E.  brightness  of  a 
certain  sheet  is  more  than  one,  two,  or 
three  points  from  standard,  the  sheet 
is  classified  as  a  minor,  major,  or  crit¬ 
ical  defect  respectively.  This  system  is 
formulated  to  promote  product  uni¬ 
formity.  An  unusually  high  brightness 
sheet  in  a  sample  is  considered  as  un¬ 
desirable  as  a  sheet  of  low  brightness. 
The  emphasis  is  placed  upon  the  qual¬ 
ity  of  the  individual  sheets,  with  c*ach 
shec*t  classified  separately.  A  high  read¬ 
ing  does  not  compensate  for  a  low 
one  even  though  the  average  of  the 
two  may  be  near  standard.  The  cus¬ 
tomer  is  not  interested  in  the  average 
brightness  level  of  the  paper  produced 
during  a  day.  He  is  concerned  with 
the  brightness  of  the  jxiper  he  receives 
(Continued  on  page  209) 
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An  Application  of  Statistical  Methods  to  the 
Thickness  Control  of  Lumber  Core  Panels 

JOHN  J.  LAWLOR 

Quality  Control  Dept.,  National  Store  Fixture  Co.,  Inc.,  Odenton,  Maryland 


Explanation  is  given  of  use  of  statistical  control  methods  to 
maintain  panel  thicknesses,  within  normal  variations. 


The  3-ply  lumber  cores  under 
discussion  are  used  in  the  fabrica¬ 
tion  of  table  tops  surfaced  with  Neva- 
mar  High  Pressure  Laminates.  The 
thickness  control  of  these  cores  is 
essential  in  order  to  insure  proper 
matching  of  the  leaf  and  top  thick¬ 
ness  in  the  final  table  top  assembly; 
to  reduce  the  labor  cost  involved  in 
the  application  of  T-edging  and  to 
control  the  amount  of  resanded  or  re¬ 
jected  panels  incurred  at  the  sanding 
operation. 

G>llection  of  Data  and  the  Estab¬ 
lishment  of  Trial  Limits 

Upon  the  decision  to  use  statistical 
quality  control  techniques  as  an  aid  in 
controlling  the  thickness  variable,  the 
first  step  involved  was  the  collection 
of  measurement  data.  This  was  begxm 
at  the  Sander,  where  the  cores  are 
sanded  to  their  final  dimension.  Thick¬ 
ness  measurements  were  made  with  a 
micrometer.  Four  readings  were  made 
on  each  panel  and  a  total  of  five 
panels,  taken  in  succession,  were  sam¬ 
pled  approximately  once  every  hour. 
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The  average  thickness  (X)  of  each 
subgroup,  which  is  plotted  on  the  fol¬ 
lowing  charts  as  a  single  point,  is  the 
average  of  the  five  panel  averages.  The 
range  (R)  of  each  subgroup  is  the 
difference  between  the  highest  and 
lowest  figure  of  the  five  panel  aver¬ 
ages.  A  sample  subgroup  reading  is 
illustrated  in  Figure  1.  After  a  total 
of  23  such  subgroups  were  secured, 
trial  control  limits  were  calculated  and 

the  chart  for  variables  (X  and  R 
Chart)  shown  in  Figure  2  was  plot¬ 
ted.  The  center  horizontal  line  shown 

on  the  X  and  R  charts  represents  the 
average  for  the  subgroup  measure¬ 
ments,  and  the  remaining  lines,  the 
upper  and  lower  control  limits  of  three 
standard  deviations  of  the  subgroup. 
At  the  time  the  chart  was  prepared, 
the  nominal  desired  thickness  of  the 
cores  was  %  (-750)  inches. 

The  use  of  the  control  chart  rests 
on  the  provable  assumption  that  a 
normal  variation  pattern  is  present  in 
all  production  processes.  This  pattern 

X 


can  be  stabilized,  but  variation  within 
it  is  inevitable.^  Whenever  variation 
occurs  without  this  stable  pattern,  as¬ 
signable  causes  of  variation  are  pres¬ 
ent  which  may  be  discovered  and  cor¬ 
rected.  The  v^alue  of  the  control  chart, 
therefore,  lies  in  its  ability  to  separate 
out  the  assignable  causes  of  quality 
variation. 

The  area  within  the  control  limits 
illustrated  in  Figure  2  represents  the 
amount  of  variation  resulting  from 

'  Grant.  E.  L.,  1946,  Statistical  Quality  Con¬ 
trol.  McGraw-Hill,  New  York. 


Stable  chance  causes,  which  can  be 
considered  normal  for  this  sand  iig 
operation.  Thus,  the  heterogenous  .;a- 
ture  of  wood,  the  normal  variation  of 
the  sanding  machine,  and  other  1  ac¬ 
tors  inherent  to  the  process  at  the  t  ne 
the  readings  were  made,  will  result  in 
a  natural  tolerance  of  ±  .004"  Tor 
panel  averages  of  sample  size  N  =-  5. 

Examination  of  the  control  dart 
revealed  a  number  of  interesting  fa  ts. 

(1)  The  points  falling  beyond  ihe 
upper  and  lower  control  limits  indi¬ 
cate  that  the  process  is  out  of  contiol, 
and,  therefore,  there  are  assignable 
causes  of  excess  variation  present  in 
the  operation  which  it  should  be  pos¬ 
sible  to  identify  and  correct. 

(2)  A  study  of  the  point  grouping 

found  in  the  X  chart  revealed  tnat 
while  the  average  thickness  variation 
within  a  single  production  run  was 
not  always  excessive,  the  variation  in 
average  thickness  between  suoces^ive 
production  runs  was.  For  example,  the 
data  for  the  subgroups  numbered  15 
to  22  was  secured  from  a  single 
production  run.  The  variation  between 
these  readings  was  fairly  uniform,  even 
though  the  average  thickness  was  ap¬ 
proximately  .,'2"  less  than  the  aimed- 
for  thickness  of  with  the  sub¬ 

groups  36  to  41,  the  average  Trad¬ 
ings  were  on  the  high  side.  Ihese 
groupings  suggest  the  possibilit}  of 
non-uniform  machine  set-up  between 
production  runs  or  a  variance  in  the 
overall  core  makeup  between  ach 
runs. 

(3)  The  chart  reveals  that  thr  av¬ 
erage  (X)  thickness  of  the  coi.s  is 
.740  inches,  rather  than  the  t.  rget 
value  of  .750  inches. 

Upon  the  determination  of  the  a  ovc 
information,  a  search  was  made  tor 
the  assignable  causes  of  excess  \  i  na¬ 
tion  in  the  process.  Three  major  1  ac¬ 
tors  were  found  to  be  influencing  the 
uniformity  of  the  dimension. 

A.  Variations  in  veneer  thickness 
and  quality. 

DECEMBER,  19  53 


Panel  1 _ .750  .  750  .  751  .745  .  749 

Panel  2 . .752  .  749  .  749  .  744  .  748 

Panel  3 . . .  ...  .750  .  750  .  743  .  751  .748 

Panel  4  .7.55  .750  .749  .747  .750 

Panel  .5 . .749  .739  .750  .746  .746 


Fig.  1 — Ex.  of  hourly  sanding  measurements  on  5  panels  used  as  a  subgroup.  N  =  5;  Mean  (X)  =  .748"; 
Range  (R)  =  .004". 
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FIG.  2  X  AND  A  CHARTS  FOR 
SANDING  3/*"  3-PLV  LUMBER  CORE 


FIG.  3  S  AND  A  CHARTS  FOR 
SANDING  3/4“  3-PLV  LUMBER  CORE 


FIG.  4  X  AND  A  CHARTS  FOR 
PLANING  5/8"  LUMBER  CORES 
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B.  Variations  in  thickness  of  lum¬ 
ber  cores. 

C.  Setting  of  sanding  machines  be¬ 
tween  various  production  runs. 

Veneer  Quality  Affecting 
Thickness  Control 

A  study  of  veneer  quality  was  be¬ 
ing  made  at  this  time  in  relation  to 
another  problem.  The  information 
available  from  inspection  data  already 
secured  revealed  a  number  of  factors 
contributing  to  excess  thickness  varia¬ 
tion  of  3-ply  lumber  cores. 

1.  There  was  a  significant  differ¬ 
ence  in  the  average  thickness  of 
veneer  being  obtained  from  dif¬ 
ferent  outside  sources  who  were 
supposedly  supplying  the  same 
nominal  thickness.  The  average 
sanding  machine  used  in  the 
woodworking  industry  is  not 
built  to  hold  close  tolerances. 
Because  of  its  flexible  rubber 
bed,  the  uniformity  of  final  panel 
thickness  depends,  to  a  great  ex¬ 
tent,  on  the  uniformity  of  the 
panels  before  sanding.  There¬ 
fore,  everything  else  being  equal, 
the  greater  the  veneer  thickness 
variation,  the  greater  the  3-ply 
core  thickness  variation. 

2.  The  veneer  species  used  in  the 
core  makeup  varied  from  gum 
and  poplar  to  maple  and  syca¬ 


more.  The  difference  in  hardness 
and  density  of  these  species  thus 
could  result  in  thickness  varia¬ 
tions  at  the  Sander. 

3.  The  smoothness  or  tightness  of 
the  veneer  cut  was  such  that  ex¬ 
cessive  resanding  was  necessary 
at  the  Sander  to  obtain  smooth 
faces.  While  this  was  a  factor  in 
the  overall  problem,  it  should 
be  mentioned  there  that  resanded 
panels  were  not  used  in  sampling 
for  the  X  and  R  charts. 

4.  A  considerable  amount  of  the 
veneer  used  was  made  up  of 
pieced  stock  with  varying  thick¬ 
ness  occurring  between  pieces. 

As  a  result  of  these  findings,  veneer 
standards  were  revised  and  definite 
specifications,  corresponding  to  our 
particular  requirements,  were  drawn. 
To  insure  conformity  to  these  speci¬ 
fications,  inspection  procedures  for  all 
incoming  veneer  were  set  up  and 
maintained. 

Control  of  Lumber  Core  Thickness 

The  lumber  cores  used  in  the  3-ply 
panels  were  surfaced  on  a  modern 
double-head  Whitney  planer,  capable 
of  holding  close  tolerances.  In  order 
to  secure  information  on  the  thickness 
variation  being  obtained  at  this  opera¬ 
tion,  X  and  R  data  was  collected  and 


FIG. 5  X  AND  A  CHARTS  FOR 
PLANING  5/8*  LUMBER  CORES 

the  control  chart  shown  in  Figure  4 
was  drawn.  Upon  examination  of  these 
charts,  a  lack  of  control  was  revealed 
by  points  falling  outside  the  control 

limits  on  the  X  charts.  It  was  also 
found  that  an  average  thickness  of 
.635  inches  was  being  obtained,  rather 
than  the  aimed-for  thickness  of  .625 
inches  (%")• 

The  assignable  causes  of  excess  vari¬ 
ation  at  the  planer  were  traceable  to 
improper  machine  setting.  The  metal 
guage  used  to  establish  machine  set¬ 
up  did  not  lend  itself  to  accurate  main¬ 
tenance  of  uniform  thickness  between 
production  runs.  In  addition,  the 
guage  resulted  in  heavier  readings 
than  was  desired.  A  micrometer  is 
•  now  used  to  determine  machine  set¬ 
ting  for  this  operation. 

A  pronounced  downward  trend  of 
thickness  readings  is  evident  in  Fig¬ 
ure  4.  This  reflects  attempts  to  bring 
the  planing  thickness  to  the  desired 
level  during  the  time  the  data  was 
being  secured. 

It  is  interesting  to  note  that  in  the 
case  of  the  setting  guage  used  at 
the  planer,  a  greater  average  thickness 
(.635"  rather  than  .625")  was  being 
secured,  while  the  %"  guage  used  at 
the  Sander  was  resulting  in  thinner 
panels  (.740"  rather  than  .750"). 
Thus,  the  overall  result  was  that  much 
more  veneer  was  being  removed  from 
the  3-ply  core  at  the  sander  than  was 
necessary’,  and  for  quality  reasons,  not 
affecting  this  discussion,  more  than 
was  desirable. 


J  >URNAL  of  FPRS 
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Figure  5  shows  a  control  chart 
placed  on  the  operation  after  the  as¬ 
signable  causes  of  variation  were  cor¬ 
rected.  All  points  fall  within  the  trial 
control  limits  and  the  process,  for  all 
practical  purposes,  is  in  control.  It 
should  also  be  noted  that  the  average 

range  (R)  is  considerably  lower  than 
that  shown  in  Figure  4.  This  reduced 
variation  within  the  lumber  cores  was 
achieved  by  a  more  accurate  setting  of 
the  planer  knives  and  pressure  bar. 

Application  of  the  Control  Chart 
at  the  Sander 

Examination  of  the  averages  and 
control  limits  of  Figure  3  will  reveal 
an  improvement  over  those  found  in 
the  preliminary  chart  in  Figure  2. 
Efforts  made  toward  stabilizing  the 
operation  during  the  time  that  read¬ 
ings  were  being  secured  were  reflected 
in  the  average  and  range  values  of  the 
subgroups  23  to  48  of  the  preliminary 
chart.  Therefore,  in  order  to  bring  the 
thickness  readings  closer  to  the  aimed- 
for  average  of  .750"  and  to  incorpo¬ 
rate  the  improved  values  in  the  new 
chart  (Figure  3),  these  limits  were 
calculated  for  the  subgroups  23  to  48. 

Figure  3  illustrates  the  thickness 
control  achieved  at  the  sanding  op¬ 
eration  after  the  application  of  a  con¬ 
trol  chart,  and  the  subsequent  elimina¬ 
tion  of  assignable  causes  of  variation. 
The  process  has  been  brought  into  con¬ 
trol  with  a  substantial  reduction  of 
the  thickness  variability.  During  the 
period  covered  by  this  chart,  only  two 
points  have  fallen  outside  the  control 
limits.  One  of  these  was  traced  to  a 
number  of  panels  cupped  in  the  press¬ 
ing  operation.  Despite  the  fact  that 
the  average  thickness  of  the  lumber 
core  obtained  at  the  planer  was  low¬ 
ered,  with  the  same  nominal  thickness 
of  veneer,  there  was  still  no  difficulty 
in  holding  to  the  increased  finish 
3-ply  core  thickness. 


From  the  values  plotted  in  Figure  3 
and  information  later  collected  but  not 
shown  here,  newer  averages  and  lim¬ 
its  were  subsequently  calculated.  This 
resulted  in  stabilizing  the  process  at  a 

between-panel  subgroup  average  (X) 
of  .748"  ±  .003",  and  a  within-panel 
subgroup  range  (R)  of  .005"  with 
the  upper  control  limit  of  the  range  at 
.011".  This  control  is  being  main¬ 
tained  without  undue  difficulty. 

Conclusions 

The  real  value  of  the  control  chart 
lies  in  its  sensitive  reaction  to  the 
presence  of  assignable  causes  of  varia¬ 
tion.  As  soon  as  a  point  goes  out  of 
control,  a  prompt  hunting  for  the 
cause  can  bring  about  its  immediate 
discovery  and  correction.  Thus,  infe¬ 
rior  materials  entering  into  the  proc¬ 
ess,  careless  machine  setting,  worn 
sanding  rolls  or  misaligned  beds  can 
be  detected  before  the  trouble  becomes 
acute. 

From  the  experience  secured  with 
the  use  of  control  charts,  it  is  evident 
that  a  seldom  mentioned  advantage  of 
the  chart,  aside  from  the  information 
it  provides,  is  its  effect  on  machine 
operators.  The  mere  presence  of  the 
charts,  with  their  constant  indication 
of  the  quality  level  being  achieved, 
results  in  greater  attentiveness  on  the 
part  of  the  machine  operator  toward 
producing  a  uniform  product.  In  addi¬ 
tion,  when  proper  control  is  achieved 
and  maintained,  the  operator  can  point 
with  pride  to  his  quality  picture  and 
he  will  strive  to  maintain  it. 

This  discussion  has  been  intended 
only  as  a  practical  case  study  of  the 
application  of  statistical  methods  to 
process  control.  However,  it  should 
be  pointed  out  that  the  control  chart 
for  variables  which  was  used  for  this 
particular  operation  is  only  one  of 
the  statistical  control  tools  available 
for  use.  Whenever  control  of  quality 


uniformity  is  desired,  whether  it  is  in 
sampling  acceptance  of  raw  materials, 
such  as  veneers,  plywood,  or  adhe¬ 
sives;  process  control  of  moisture  con¬ 
tent  or  dimensions;  or  fraction  defec¬ 
tive  sampling  of  finished  products,  sta¬ 
tistical  charts  offer  an  excellent  tool 
for  achieving  this  goal. 

Discussion 

Aubrey  E.  Wyley  (New  York  State 
University) ;  What  is  the  relation  of 
the  control  limits  for  individual  pan.  Is 
based  on  four  measurements  to  the 
limits  based  on  five  measuremen  s. 
Could  you  achieve  the  objective  ^y 
using  charts  with  limits  based  in 
panels  ? 

Mr.  Latvlor:  We  have  used  this 
method  in  our  operation  and  it  !  ts 
served  satisfactorily.  Control  lin  ts 
based  on  individual  measuremci  ts 
would  have  a  greater  spread. 

Charles  E.  Latimer  (Nickey 
Inc.):  Do  you  need  to  measure  o 
1/1000"  or  would  measurements  m.  ie 
with  a  rule  to  1/64"  be  satisfactoi  ? 

Mr.  Lau'lor:  We  have  found  tluit 
we  can  hold  our  accuracy  of  measure¬ 
ment  to  1/1000",  we  do  not  need  io 
go  to  coarser  measurements. 

Stephen  Preston  (University  of 
Michigan) :  It  is  apparent  that  this 
study  was  made  in  an  operation  in¬ 
volving  large  cuttings.  Is  this  general 
method  applicable  to  smaller  opera¬ 
tions? 

Mr.  Latvlor:  Yes.  This  is  a  big  itcni 
for  us,  however,  the  method  would  be 
applicable  even  though  the  quantity 
involved  would  be  smaller. 

Dr.  Noble:  There  is  a  general  mis¬ 
conception  concerning  use  of  statistics 
on  small  lots.  The  thing  you  are  trying 
to  do  is  control  the  processes  and  not 
the  lot.  Even  when  there  is  only  one 
measurement  per  day  the  operation  of 
a  chance  cause  system  permits  the  use 
of  statistical  control. 
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Quality  Control  In  Furniture  Manufacturing 

RICHARD  C.  CALAHAN 

Assistant  Superintendent,  Inspection  Department,  The  Singer  Manufacturing  Company,  South  Bend,  Ind. 


The  use  of  statistical  quOlity  control  techniques  appears  to  offer 
considerable  promise  in  the  control  of  quality  in  furniture  manu¬ 
facturing.  A  ten  point  program  for  organizing  a  quality  control 
program  in  a  furniture  plant  is  outlined.  Case  histories  of  applica¬ 
tions  of  several  statistical  quality  control  techniques  to  furniture 
manufacturing  operations  show  that  the  techniques  can  provide  the 
pertinent  information  needed  for  effective  action  in  improving  quality. 


crankshafts  to  control  of  food  waste 
in  airline  operations — and  the  study  of 
the  problems  of  organization  for  qual¬ 
ity  control,  convinced  the  author  that 
the  statistical  quality  control  approach 
held  great  promise  in  the  furniture 
manufacturing  industry  as  a  means  of 
controlling  quality  all  along  the  pro¬ 
duction  process. 


The  fundamental  trends  of  the 
past  half  century  in  American  in¬ 
dustry  have,  only  in  recent  years,  be¬ 
gun  to  make  their  impact  fully  felt  on 
the  furniture  industry.  The  manufac¬ 
turing  of  furniture  is  rapidly  and  surely 
changing  from  a  field  of  skilled  arti¬ 
sans  to  a  field  of  mass  production  in 
which  art  becomes  a  science,  where 
inter-changeability  of  parts  is  essen¬ 
tial,  and  where  production  methods 
must  be  simplified  to  permit  rapid 
training  of  help. 

Scientific  management  has  long  rec¬ 
ognized  the  existence  of  a  need  for 
the  inspection  function  in  manufac¬ 
turing.  The  rapid  trend  of  furniture 
manufacturing  to  the  mass  production 
techniques,  in  a  market  of  customers 
still  imbued  with  the  expectation  of 
the  skilled  craftsmanship  of  the  Hep- 
plcwhites  and  the  Sheratons,  will  in¬ 
exorably  lead  to  an  ever  increasing 
importance  of  the  inspection  function. 

Recognizing  these  basic  trends  and 
being  confronted  with  the  inevitable 
quality  problems  resulting  from  the 
trends  of  the  post  war  era — the  great 
emphasis  on  production,  the  rapid 
turnover  of  personnel,  etc.,  the  author 
beiame  intrigued  by  reports  of  that 
new  and  startling  management  tool 
known  as  statistical  quality  control. 
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These  techniques,  when  declassified  by 
the  War  Department  from  their  secret 
classification,  were  revealed  to  have 
been  a  most  potent  factor  in  our  highly 
successful  war  production  efforts.  In 
the  span  of  a  few  years  after  the  close 
of  World  War  II,  statistical  quality 
control,  its  roots  firmly  planted  during 
the  war  effort,  was  growing  by  leaps 
and  bounds  and  with  startling  suc¬ 
cesses  being  the  rule  rather  than  the 
exception. 

A  rather  comprehensive  study  of 
the  principles  and  techniques  of  sta¬ 
tistical  quality  control, — a  study  of 
their  seemingly  endless  successful  ap¬ 
plications — from  control  of  quality  in 
machining  operations  on  automotive 


Our  world-wide  reputation  for  qual¬ 
ity  cabinetwork  had,  for  years,  been 
maintained  by  reliance  on  old,  depend¬ 
able,  and  experienced  personnel  who, 
certainly,  through  the  years  had  mer¬ 
ited  that  reliance.  A  bay  inspection 
system,  in  which  parts  are  inspected 
at  the  conclusion  of  each  of  the  three 
major  manufacturing  phases,  machin¬ 
ing  and  sanding,  finishing,  and  assem¬ 
bly,  was  and  still  is,  to  a  large  extent, 
in  effect. 

The  need  for  control  of  quality  all 
along  the  production  line  rather  than 
at  three  selected  points  became  crystal 
clear.  To  put  it  bluntly,  to  discover 
after  twenty  machining  and  sanding 
operations,  that  the  first  operation  was 
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defective,  is  to  say  the  least  very  costly 
and  highly  disconcerting! 

Development  of  a  Quality 
Control  Program 

From  this  background,  from  per¬ 
sonal  experience  in  setting  up  a  qual¬ 
ity  control  program  and  from  a  study 
of  the  experiences  and  pitfalls  of 
others,  a  ten  point  program  for  or¬ 
ganizing  and  developing  a  quality  con¬ 
trol  program  in  a  cabinet  manufactur¬ 
ing  plant  is 'suggested  below.  It  should 
be  strongly  emphasized  at  this  point 
that  there  is  no  definite  pattern  which 
will  fit  and  be  successful  in  all  manu¬ 
facturing  activities.  The  complexion 
and  character  of  each  business  enter¬ 
prise  is  different,  and  to  be  successful, 
the  quality  control  program  must  be 
completely  compatible  with  that  enter¬ 
prise’s  way  of  doing  things.  That  this 
program  or  plan  of  attack  appears  to 
be  proving  successful  in  our  opera¬ 
tions  is  not  to  say  that  it  is  a  panacea 
for  all  cabinet  manufacturers. 

1)  Define  Your  Quality  Problem: 
A  clear  definition  of  precisely  the 
nature  of  the  quality  problem  is  basic 
in  the  establishment  of  a  quality  con¬ 
trol  program.  Perhaps  the  quality 
problem  stems  from  excessive  cus¬ 
tomer  complaints,  perhaps  the  prob¬ 
lem  lies  in  producing  quality  suitable 
to  meet  competition  or,  perhaps,  as  is 
the  case  in  question,  the  quality  prob¬ 
lem  lies  in  the  amount  of  rework, 
repair,  and  scrap  involved  in  achiev¬ 
ing  the  desired  end  product  quality. 
It  is  axiomatic  to  note  that  if  quality 
of  work  in  process  is  controlled  at  the 
desired  levels,  there  need  be  little  con¬ 
cern  for  the  end  product  quality. 

2)  Develop  an  Overall  Plan:  In  a 
manufacturing  operation  of  the  size 
the  author  is  concerned  with,  the  de¬ 
velopment  of  an  overall  plan  for  in¬ 
stallation  of  quality  control  was  a 
major  consideration.  Since  a  complete 
simultaneous  installation  was  impos¬ 
sible,  it  remained  to  develop  a  logical 
sequence  of  installation.  Experience 


had  shown  that  the  principal  quality 
problem  in  the  early  stages  of  manu¬ 
facturing  stemmed  from  defective  ma¬ 
terial.  Thus  it  seemed  quite  logical  to 
establish  first  an  inspection  screening 
of  this  incoming  material.  The  use  of 
the  statistical  quality  control  technique 
of  acceptance  sampling  in  this  connec¬ 
tion  is  discussed  later  in  the  paper.  At 
present,  this  quality  control  of  mate¬ 
rial  is  established  on  rough  veneered 
panels  from  our  other  factories,  pur¬ 
chased  lumber,  hardware,  and  a  few 
other  miscellaneous  items.  At  present, 
veneer  is  inspected  by  the  Veneer  De¬ 
partment  and  glues  and  all  finishing 
materials  are  checked  by  the  Chemical 
and  Physical  Testing  Laboratories.  The 
author  contemplates  the  use  of  sta¬ 
tistical  quality  control  in  these  phases, 
principally  to  reduce  the  amount  of 
test  work  required  for  quality  assur¬ 
ance. 

Having  established  the  control  of 
quality  of  incoming  materials,  quality 
control  charting  techniques  are  now 
being  applied  to  the  veneering,  machin¬ 
ing  and  sanding  operations.  Because 
of  the  scope  of  the  manufacturing  op¬ 
eration,  this  phase  of  the  program 
may  well  require  several  years  to  estab¬ 
lish.  Illustrative  examples  of  these 
process  quality  controls  are  discussed 
later  in  the  paper. 

When  the  control  of  quality  in  the 
machining  and  sanding  phases  of  the 
manufacturing  operation  have  been 
established,  the  program  will  be  ex¬ 
tended  to  the  finishing  and  assembling 
stages  of  production.  Of  great  impor¬ 
tance  in  the  establishment  of  an  over¬ 
all  plan  for  quality  control,  is  the 
study  of  ways  and  means  of  selling 
the  program  to  all  levels  of  super¬ 
vision,  and  above  all,  to  the  workers. 

3)  Sell  the  Program  to  Man¬ 
agement:  Unquestionably,  the  first 
big  hurdle  to  overcome  in  establish¬ 
ing  a  quality  control  program  is  to 
sell  the  program  to  management. 
While  no  "sure  fire”  approach  can  be 
set  up  in  all  cases,  certain  basic  sales 
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principles  are  essential.  Certainly,  m.ni- 
agement  must  recognize  a  need  lor 
quality  control.  The  presentation  of 
well  founded  estimates  of  cost  reduc¬ 
tions  (more  than  sufficient  to  supp  -rt 
the  program)  is  a  necessity. 

It  is  further  suggested  that  sever  ■!, 
well  chosen,  trial  installations  can  ne 
of  great  value.  If  successful,  they  are 
more  potent  than  words  in  selling  the 
quality  control  idea.  If  they  are  not 
successful,  it  will  probably  follow 
that  the  program  is  not  ready  to  be 
sold. 

4)  Establish  a  Quality  Control 
Staff:  Many,  many  thoughts  have 
been  uttered  and  written  in  recent  years 
concerning  the  place  of  the  statistical 
quality  control  group  in  the  industrial 
organization  chart.  It  is  beyond  the 
scope  of  this  paper  to  outline  the  pros 
and  cons  of  this  problem.  Suffice  it  to 
say,  it  is  a  problem  which  requires 
serious  consideration  and  can  best  be 
determined  in  each  individual  case, 
consistent  with  existing  organizational 
structure  and  company  policies. 

In  the  author’s  case,  a  well  estab¬ 
lished  Inspection  Department  has  ex¬ 
isted  for  years.  This  department  is 
headed  by  the  Superintendent  and  As¬ 
sistant  Superintendent  who  report  to 
general  management  at  the  same  level 
as  the  production  departments.  Some 
sixty  inspectors,  most  of  whom,  inci¬ 
dentally,  are  on  a  piece  work  system 
of  pay,  are  directly  supervised  by  three 
inspection  foremen.  In  recent  year'  a 
"technical  inspection”  group  of  live 
men  was  added  to  the  department. 
These  men  were  essentially  roving  in¬ 
spectors  in  the  machining  stages  of 
production. 

With  such  an  organization  existiiig, 
it  seemed  illogical  to  establish  a  S(  oa- 
rate  quality  control  group.  It  was  I’C 
author’s  opinion,  shared  by  manage¬ 
ment,  that  the  two  groups  should,  by 
and  large,  be  jointly  organized,  me 
problem  of  integrating  the  establish  J 
line  inspection  group  with  the  '  a- 
tistical  quality  control  group,  of  mciii- 
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ing  a  one  hundred  percent  inspection 
system  with  a  statistical  sampling  sys- 
tt;n,  replacing  in  some  instances,  one 
hundred  percent  inspection  with  sam- 
p’'ng  inspection,  and  above  all  merg- 
i' rt;  the  thinking  of  the  "old  school 
ai  d  the  new” — these  remain  a  major 
c.Micern  to  the  author.  To  date,  be- 
c.ijse  of  the  varying  areas  of  opera¬ 
tion,  the  problem  has  not  "come  to  a 
h  id”,  but  most  surely  it  will  and  it 
iii  ist  be  met  with  a  smooth,  well 
p  inned  means  of  reconciliation. 

The  "technical  inspection  group” 
previously  mentioned  formed  a  nat¬ 
ural  nucleus  around  which  to  develop 
tiic  quality  control  program.  The  qual¬ 
ity  control  staff,  as  such,  consists  of 
two  men,  a  Quality  Control  Engineer 
and  a  Quality  Control  Coordinator. 
The  author  was  fortunate  in  being 
able  to  obtain  the  services  of  a  wood 
technologist  who  has  completed  gradu¬ 
ate  work  in  quality  control  as  applied 
to  woodworking.  The  Quality  Control 
Engineer  is  essentially  responsible  for 
developing  the  technical  aspect  of  the 
quality  control  system  and  the  estab¬ 
lishment  of  statistical  sampling  tech¬ 
niques.  The  Quality  Control  Coordi¬ 
nator  is  primarily  concerned  with  de¬ 
veloping  the  promotional  aspects  of 
quality  control,  publicity,  training  pro¬ 
grams,  quality  report  systems,  etc.  This 
man  was  chosen  from  the  existing 
group  of  technical  inspectors. 

The  author  realizes  fully  that  exist¬ 
ence  of  such  an  inspection  function  as 
has  been  outlined  and  the  practicality 
of  building  such  a  staff  as  outlined  is 
beyond  the  scope  of  most  wood  work¬ 
ing  plants.  It  is  suggested  that  a  log¬ 
ical  approach  might  be  to  select  a 
young,  alert  engineer  within  the  or¬ 
ganization — one  who  has  displayed 
outstanding  ability  to  get  along  well 
with  others — and  send  him  to  one  of 
the  ten  day  condensed  quality  control 
courses  offered  by  many  leading  uni¬ 
versities.  The  author  is  familiar  with 
several  highly  successful  quality  con¬ 
trol  programs  that  have  been  started 
in  that  way. 

5)  Set  Goals  and  a  Time  Table: 
It  is  as  essential  to  a  quality  control 
program  as  it  is  to  any  promotional 
venture  (and  that,  indeed,  is  what  a 
qu.ility  control  program  is)  to  have 
some  well  defined  goals  set  and  to 
estiblish  a  time  table  for  accomplish¬ 
ing  them.  Such  a  plan  will,  it  seems, 
tend  to  prevent  the  quality  control 
program  from  becoming  merely 
a>  '.ther  "bureaucratic  appendage”  in 
an  organization. 

•)  Sell  Quality  Control  at  all 
E  vels:  If  a  quality  control  program 
i'i  1  achieve  the  maximum  of  success, 
al  levels  of  the  organization  must  be 
s(  !  the  "Quality  Control  Idea.”  If 


for  example,  intermediate  supervision 
merely  tolerates  quality  control,  the 
chances  for  success  are  immeasurably 
reduced. 

la  the  program  under  discussion,  a 
training  course,  consisting  of  five,  one 
and  one  half  hour  sessions,  was  de¬ 
veloped  to  explain  the  technical  prin¬ 
ciples,  aims  and  methods  of  statistical 
quality  control  to  supervision.  The 
value  of  allowing  time  for  discussion 
should  be  emphasized,  for  much  can 
be  learned  from  the  questions  of  oper¬ 
ating  personnel!  A  rather  extensive 
manual  was  also  prepared  to  supple¬ 
ment  the  course.  It  is  well  to  suggest 
that  careful  thought  be  given  to  the 
problem  of  explaining  statistics  to 
"old  line”  foremen! 

This  training  course  has  been  given 
to  all  members  of  management,  all 
department  heads  and  to  about  forty 
foremen,  setup  men  and  technical  per¬ 
sonnel,  including  engineers  and  time 
study  men.  As  the  quality  control 
program  progresses  into  new  areas  of 
operation,  those  foremen  so  affected 
are  given  the  training  course. 

Full  use  of  plant  newspapers,  bul¬ 
letin  board  releases,  employee  letters, 
etc.,  should  be  part  of  the  basic  plan¬ 
ning  for  quality  control. 

The  existence  of  adequate  lines  of 
communication  between  workers  and 
all  levels  of  supervision  is  as  vital  to 
the  growth  of  quality  control  program 
as  feeder  roots  are  to  the  growth  of  a 
tree.  The  larger  the  organization,  the 
more  difficult  is  the  problem  of  com¬ 
munication  because  of  the  resultant 
decrease  in  personal  contact — the  most 
effective  of  all  means  of  communi¬ 
cation. 

Dr.  J.  M.  Juran  has  reported  that 
in  a  survey  of  thirty  nine  companies 


who  had  installed  quality  control,  the 
biggest  single  cause  of  failure  lay  in 
not  securing  the  active  participation  of 
shop  personnel. 

While  it  is  time  consuming,  the 
author  has  found  it  highly  rewarding 
to  talk,  personally  with  each  operator 
(in  the  presence  of  his  foreman)  be¬ 
fore  setting  up  statistical  quality  con¬ 
trol  on  his  operation,  explaining  in 
simple  shop  language  what  the  aver¬ 
age  line,  control  limits,  etc.,  are,  what 
the  overall  plan  is,  and  why  quality 
work  is  essential  to  the  company’s  well 
being  and  thus  to  his  well  being.  In 
all  cases  the  operator  is  asked  for  sug¬ 
gestions  as  to  ways  and  means  of  qual¬ 
ity  improvement  on  his  particular  job. 
It  is  amazing  what  can  be  learned  from 
operators,  if  only  they  are  given  a 
chance  to  be  heard ! 

7)  Pick  "Bread  and  Butter  Jobs”: 
It  is  essential  in  the  successful  devel¬ 
opment  of  a  quality  control  program 
that,  at  the  earliest  possible  moment, 
it  be  able  to  pay  its  own  way.  It  is, 
then,  only  "s/»iart  business”  to  care¬ 
fully  pick  several  applications  of  sta¬ 
tistical  quality  control  that  will  pay  off 
handsomely.  Nothing  will  more  quickly 
establish  quality  contral  as  a  vital  part 
of  the  organization  in  the  eyes  of  man¬ 
agement  than  for  it  to  quickly  become 
self  sufficient.  The  psychological  effect 
in  creating  a  desire  for  quality  control 
among  production  supervision  is,  of 
course,  greatly  enhanced  by  a  few 
highly  successful  applications  of  sta¬ 
tistical  quality  control. 

The  author  is  pleased  to  report  that 
in  the  fairly  extensive  program  de¬ 
scribed  herein,  quality  control,  in  about 
six  months  time  had  paid  off  the  ini¬ 
tial  investment  (which  included  new 
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office  facilities  among  other  things) 
and  was  "paying  its  way”  currently. 

8)  Promote  Quality  Mindedness: 
All  too  often  the  blanket  charge  is 
leveled  that  the  worker  of  today  just 
doesn’t  "give  a  hoot”  about  the  qual¬ 
ity  of  work  he  does.  The  author’s  ex¬ 
perience  in  talking  with  operators  does 
not  bear  this  out.  One  of  the  prime 
urges  of  all  mankind  is  the  urge  to  be 
recognized  and  one  of  the  most 
straightforward  roads  to  recognition  is 
by  doing  one’s  job  well.  This  prime 
urge  must  be  cultivated  at  every  op¬ 
portunity.  The  worker  must  be  made 
to  realize  fully  that  doing  good  work 
is  ultimately  in  his  best  interest. 

How  to  accomplish  this  is  a  diffi¬ 
cult  task.  Surely,  no  better  time  exists 
to  sell  the  idea  of  quality  workman¬ 
ship  than  when  an  employee  is  first 
hired,  yet  how  few  companies  in  their 
orientation  programs  do  so!  The 
author  is  happy  to  report  that  it  is 
done  in  his  company. 

In  the  training  course  outlined  pre¬ 
viously,  all  foremen  are  urged  to  spend 
three  minutes  each  day  talking  quality 
to  one  operator  and  to  see  that  each 
operator  is  shown,  perhaps  by  visita¬ 
tion  of  subsequent  operations,  why  it 
is  essential  that  he  do  his  job  cor¬ 
rectly.  Such  a  *^rogram,  if  followed  ex¬ 
tensively  would  unquestionably  result 
in  a  much  higher  degree  of  quality 
mindedness. 

There  is,  of  course,  much  value  to 
be  obtained  through  use  of  quality 
posters,  displays  of  defective  work,  re¬ 
prints  of  customer  complaint  letters, 
etc.  To  date,  the  author’s  program  has 
utilized  some  of  these  devices  only  on 
a  limited  basis  and  their  value  cannot 
as  yet  be  evaluated. 

It  is  felt,  however,  there  can  be  no 
effective  substitute  for  personal  contact 
with  operators  in  developing  quality 
mindedness.  The  impact  of  a  member 
of  top  management  going  out  into  the 
shop  to  compliment  an  operator  on  a 
good  quality  record  is  terrific! 

9)  Establish  Adequate  Report  Sys¬ 
tems:  To  be  of  any  value,  the  facts 
gleaned  from  a  statistical  approach  to 
a  quality  problem  in  manufacturing 
must  be  transmitted  promptly,  accu¬ 
rately  and  concisely  to  the  parties  in  a 
position  to  take  corrective  action.  Simi¬ 
larly  a  means  of  frequently  and  regu¬ 
larly  reporting  overall  progress  of  the 
quality  control  program  to  manage¬ 
ment  should  be  found.  The  problems 
of  establishing  an  adequate  filing  sys¬ 
tem  for  control  charts  should  not  be 
overlooked. 

Again  no  panacea  exists  in  the  way 
of  forms,  charts,  etc.  They  must  be 
suited  to  the  needs  of  the  individual 
company. 


10)  Establish  Standards:  In  the 
author’s  opinion,  one  of  the  greatest 
advantages  to  come  to  the  wood  in¬ 
dustry  from  the  use  of  statistical  qual¬ 
ity  control  techniques  will  be  that  they 
will  force  us,  for  the  first  time,  to  de¬ 
fine  our  quality  standards.  Such  vague 
statements  as  "Make  it  like  the  print 
and  you’ll  have  no  trouble”  or  "The 
finish  on  that  panel  is  not  up  to  our 
standard  quality”  have  long  plagued 
the  furniture  industry.  In  today’s  mass 
production  scheme  of  things,  it  is 
essential  that  the  worker  know  ex¬ 
actly  what  quality  is  required,  whether 
that  quality  characteristic  be  length, 
width,  color,  or  finish. 

The  metal  trades  long  ago  recog¬ 
nized  one  of  the  fundamental  prin¬ 
ciples  of  statistical  quality  control 
(although,  perhaps,  not  originally 
identifying  it  as  such)  that  no  two 
parts  are  exactly  alike,  that  variation 
is  always  present.  When  this  principle 
was  recognized,  tolerances  on  dimen¬ 
sions  were  set,  thus  permitting  random 
assembly  rather  than  selective  assem¬ 
bly  and  making  interchangeability  of 
parts  a  reality.  That  these  steps  were 
highly  instrumental  in  the  rapid  de¬ 
velopment  of  the  American  productive 
capacity  is  well  known. 

The  author  believes  that  the  devel¬ 
opment  of  the  furniture  industry  into 
a  mass  production  enterprise  will  force 
the  establishment  of  tolerances  and 
definite  quality  standards,  several  hun¬ 
dred  years’  practice  to  the  contrary, 
not-with-standing. 

It  is  well  to  note  that  the  author’s 
experience  has  shown  that  the  worker 
welcomes  definite  quality  standards 
because,  for  the  first  time,  he  really 
knows  what  is  expected  of  him. 

Some  Applications  of  Statistical 
Quality  Control  to  Cabinet 
Making 

The  examples  chosen  for  discussion 
herein  were  selected  to  illustrate  that 
statistical  quality  control  techniques 
are  applicable  to  problems  in  furni¬ 
ture  manufacturing  and  to  emphasize, 
not  the  mystical  connotation  frequently 
given  to  statistical  endeavors,  but  the 
fact  that  these  statistical  techniques 
represent  a  sound,  logical  and  realistic 
approach  to  a  quality  problem. 

Case  Study  "A” — Depth  of  Hinge 
Seats  on  Portable  Sewing 
Machines 

To  present  a  satisfactory  appearance 
and  to  prevent  hinges  on  sewing  ma¬ 
chine  cabinetwork  from  snagging  the 
material  being  sewn,  it  has  been  a 
long  standing  inspection  requirement 
that  such  hinges  must  be  flush  to  1  /64 
in.  below  the  adjacent  surface. 

The  exploded  view  in  Figure  1-d 
shows  the  nature  of  this  hinge  seat  on 


portable  sewing  machine  bases  and  the 
barrel  type  hinge  used.  The  author 
had  no  knowledge  of  any  appreciable 
difficulty  in  his  own  plant  with  the 
fit  of  these  hinges.  When  some  of 
these  bases  were  "trimmed”  at  one  of 
our  plants,  a  letter  of  complaint  on 
the  varying  depths  of  this  boring  spot 
lighted  the  problem.  The  author  was 
amazed  to  learn  that  for  years,  two 
thicknesses  of  fibre  washers  had  been 
furnished  at  the  assembly  stage  to  shim 
under  these  hinges!  This  problem  ay 
peared  to  be  suited  to  study  by  st.i 
tistical  quality  control  methods  ana 
was  adopted  as  one  of  several  trial  in 
stallations  set  up  to  sell  the  entir 
quality  control  program  to  managt 
ment. 

A  sampling  inspection  was  set  v.  ^ 
at  the  boring  operation  measuring  tl 
depth  of  hinge  seats  on  ten  success!’ 
bases  approximately  every  half  hou 
When  twenty  such  series  of  obser\. 
tions  (subgroups)  had  been  made,  tl 

average  or  X  line,  the  average  rany 
(R)  and  three  sigma  control  limits  c  ; 
range  and  averages  were  calculatci: 
This  initial  control  chart  is  shown  m 
Figure  1-a.  Remembering  that  eacn 
point  on  the  chart  represents  the  avc: 
age  of  the  measurement  of  ten  pieci.^ 
and  that  the  individuals  must  vary  on 
either  side  of  the  average,  a  study  of 
this  data  in  relation  to  the  specifica 
tion  limits  clearly  shows  the  operation 
is  not  exhibiting  a  state  of  good  con¬ 
trol.  All  measurements  were  taken  in 
increments  of  1/64  in.  The  specificii 
depth  of  boring  is  shown  on  all 
charts  as  zero  and  deviations  there¬ 
from  in  decimal  parts  of  1/64  in.  It 
will  be  noted  in  Figure  1-a  that  the 
process  average  is  centered  well  above 
zero  indicating  the  need  for  frequent 
shimming  of  hinges. 

At  this  point,  the  problem,  as  ev  i¬ 
denced  by  the  complaint  letter,  and 
the  quality  control  inspection  approai  h 
to  be  used,  was  fully  explained  to  tlie 
operator  (who  by  this  time  was  quite 
curious).  This  proved  to  be  a  very 
wise  move,  for  very  quickly  it  bccan.e 
apparent  that  because  of  the  age  if 
the  equipment  being  used,  the  pro  '- 
lem  was  essentially  one  of  operai  ’r 
influence.  The  control  chart  was  post  1 
and  maintained  at  the  boring  machii 
It  was  pointed  out  to  the  operator  tb  c 
the  chart  would  show  the  good  w'o  s 
he  did  as  w'ell  as  the  bad  work. 

Figure  1-b  shows  the  data  tak  i 
approximately  ten  days  later.  It  is  a 
parent  that  the  performance  on  t!  •> 
specific  quality  characteristic — t 
depth  of  boring — had  been  grea'  - 

improved.  The  process  average,  or  v 
line,  is  more  closely  approaching  zi.  > 
and  the  width  of  the  control  lin 
band  had  decreased  indicating  an  n 
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proved  state  of  control.  It  will  also  be 
noted  that  the  average  range  (R)  has 
decreased  indicating  less  variation 
V  thin  the  subgroup  of  ten  parts — the 
result  of  improved  operator  perform- 
ai  :e  in  this  case.  The  lower  control 
li'nit  for  range  so  nearly  approaches 
2i  O  in  Figure  1-b  that  it  is  insig¬ 
nificant. 

The  use  of  washers  for  shimming 
p.  rposes  was  virtually  abolished  and, 
in  the  past  year,  only  very  rarely  has 
it  been  necessary  to  do  any  adjust- 
ff!'  nt  in  the  seating  of  these  hinges. 
F:r;ure  1-c  shows  data  taken  about  one 
yc.ir  after  the  initiation  of  the  control 
cli-irt.  This  chart  represents  the  re- 
nn.irkable  state  of  control  that  has,  but 
for  two  brief  periods  when  operators 
were  changed,  been  maintained  for 
over  a  year.  In  Figure  1-c,  the  average 
range  and  upper  control  limit  on  range 
are  omitted  for  reasons  of  clarity. 

The  amount  of  sampling  inspection 
was  reduced  first  to  an  hourly  check, 
then  four  times  a  day,  then  twice  a 
day,  then  once  a  day  and  now  is  done 
about  twice  a  week!  Likewise  the  sub¬ 
group  size  has  been  reduced  from  ten 
pieces  to  four  pieces. 

Case  Study  "B” — Inspection  of 
Incoming  Shipments  of 
Lumber 

For  years,  each  shipment  of  lumber 
purchased  was  inspected  upon  receipt 
for  grade  and  footage.  Because  of  the 
diversity  of  usage  of  lumber,  neither 
the  grade  nor  the  footage  were,  indi¬ 
vidually,  of  prime  importance.  The  in¬ 
terrelation  of  grade  and  footage  as  it 
affected  the  dollar  value  of  the  ship¬ 
ment,  was  the  "quality  characteristic” 
being  studied.  The  comparison  then, 
of  the  shipment  value,  as  determined 
by  the  receiving  inspection,  to  the  in¬ 
voiced  value  was  pf  primary  impor¬ 
tance. 

Upon  the  installation  of  complete 
new  lumber  handling  and  drying 
facilities,  the  possibility  of  a  sampling 
inspection  of  carloads  of  lumber  was 
suggested. 

The  past  performance  of  each  sup¬ 
plier — received  value  versus  invoice 
value — was  carefully  scrutinized.  It 
was  found  that  sufficient  data  existed 
(twenty  shipments  within  a  span  of  a 
couple  of  years)  on  five  suppliers, 
whose  past  performance  merited  the 
confidence,  to  set  up  a  sampling  in¬ 
spection  system. 

i’igure  2  shows  the  performance  rec¬ 
ord  of  Supplier  "A”.  For  purposes  of 
cl-tnty,  the  data  is  shown  as  a  per¬ 
centage  relationship  between  the  value 
dit  jrential  of  the  receiving  inspection 
vai  ue  and  the  invoice  value  as  com- 
p‘  d  to  the  invoice  value.  Thus,  it 

ca  be  seen  from  the  X  line  that  Sup- 
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plier  "A”  has  a  record  ‘of  furnishing 
on  the  average,  about  five  percent 
more  dollar  value  than  was  charged. 

Since  the  data  for  these  charts  con¬ 
sisted  of  individual,  independent 
values,  the  "floating  average”  method 
of  statistical  treatment  was  adopted  to 
establish  control  limits.  Discussion  of 
this  statistical  technique  is  beyond  the 
scope  of  this  paper.  Suffice  it  to  say, 
that  each  point  on  the  chart  represents 
the  average  of  two  values,  taken  in 
mathematical  series  1-2,  2-3,  3-4, 
4-5,  etc. 

The  chart  shows  a  rather  wide  dis¬ 
persion  of  data,  probably  indicating 
that  the  supplier’s  inspection  is  some¬ 
what  erratic.  However,  in  view  of  the 
obvious  attempt  to  give  more  dollar 
value  than  charged,  a  plan  was  adopted 
with  Supplier  "A”  of  inspecting  every 
third  shipment.  The  last  four  points 
on  the  chart  represent  five  shipments 
inspected  since  the  inception  of  the 
plan.  It  is  apparent  that  the  process  is 
operating  within  the  control  limits 
and  thus  points  can  be  expected  to 
range  from  3.4%  to  13.2%,  99%  of 
the  time.  Consideration  is  being  given 
to  reducing  the  sampling  to  every 
fourth  carload  shipment. 

This  application  of  statistical  qual¬ 
ity  control  has  been  in  operation  for 
about  one  and  one  half  years.  In  the 
first  year,  the  cost  of  the  inspection 
of  thirty-five  carload  of  lumber  was 
saved.  Data  is  being  kept  on  all  other 
suppliers  not  now  under  the  plan  with 
a  view  towards  adopting  further  sam¬ 
pling  plans.  The  great  value  of  such  a 
program  as  this  as  a  guide  to  a  sound 
purchasing  policy  is,  of  course,  obvious. 

Case  Study  "C” — Efficiency  of  Hand 
Loading  of  Leg  Squares  Into 
Trucks 

Lumber  squares  for  sewing  machine 
cabinets  and  stool  legs  are  purchased 
from  outside  suppliers  or  from  our 
southern  plants.  At  one  time,  these 
squares  were  unloaded  by  hand  from 
the  freight  car  and  loaded  into  fac¬ 
tory  trucks  for  delivery  to  the  dry  kilns 
or,  in  the  case  of  kiln  dried  squares, 
to  the  cut-off  and  turning  operations. 

The  Production  and  Material  Con¬ 
trol  Department,  under  whose  super¬ 
vision  this  work  was  done,  wished  to 
place  the  unloading  work  on  a  piece¬ 
work  basis  and  was  concerned  with 
the  care  that  would  be  shown  in  load¬ 
ing  the  squares  after  the  work  was 
done  on  a  piece  rate.  Careless  loading 
would  decrease  the  number  of  squares 
per  truck,  thus  requiring  more  trucks 
and  floor  space. 

It  was,  then,  at  the  request  of  the 
Production  and  Material  Control  De¬ 
partment,  that  performance  of  this 
loading  job  was  studied  by  statistical 


quality  control  methods.  Figure  3 
shows  the  average  and  range  chart 
constructed  from  data  consisting  of 
thirteen  subgroups  of  three  truck  loads 
each.  The  unit  of  measurement  was 
the  number  of  pieces  per  truck. 

Due  to  the  relatively  large  disper¬ 
sion  shown  in  both  the  average  chart 
and  the  range  chart,  which  was  due 
largely  to  the  variation  in  size  of  trucks 
used  and  not  to  the  lack  of  care  in 
loading  (data  taken  on  work  done  on 
hourly  rate),  it  was  felt  to  be  advan¬ 
tageous  to  use  two  sigma  control  lim¬ 
its.  Thus  the  chart  was  made  more 
sensitive  to  additional  variation  in  the 
number  of  pieces  per  truck,  which  con¬ 
dition  could  occur,  by  and  large,  only 
through  careless  loading.  Out  of  con¬ 
trol  points  could  then  be  considered 
cause  for  suspicion  of  careless  loading. 

The  average  chart  shows  that  an 
average  of  582  legs  per  truck  was 
found  and  that  95%  of  the  time  (two 
sigma  limits)  the  quantity  per  truck 
will  vary  from  565  to  599  leg  squares. 

While  the  data  was  never  actually 
used  as  a  check  on  the  loading  effi¬ 
ciency  under  a  piece  work  system  of 
pay,  since  shortly  after  the  study  the 
entire  loading  procedure  was  changed, 
the  approach  to  the  problem  may  well 
represent  an  answer  to  maintaining 
quality  after  work  is  placed  on  an 
incentive  pay  system.  The  author 
would  question  the  advisability  of 
undertaking  studies  of  this  type,  how¬ 
ever,  except  at  the  specific  request  of 
the  operating  department,  because  of 
the  likelihood  of  resentment  on  the 
part  of  the  operating  department. 

Case  Study  "D” — ^Within  Panel 
Variation  of  Thickness  on  Lumber 
Cores  for  Veneered  Panels 

The  installation  of  new  lumber 
handling,  and  drying  facilities  and  a 
new  rough  dimension  line  was  accom¬ 
plished  in  the  author’s  plant  during 
the  early  stages  of  the  quality  control 
program.  These  installations  prefaced 
the  installation  of  hot  pressing  tech¬ 
niques  in  the  veneer  laying  operations. 
The  installation  of  statistical  quality 
control  techniques  on  these  operations, 
from  kiln  drying  and  swing-sawing  on 
through  core  building  in  a  Plycor 
machine  and  planing  of  cores,  was  a 
major  undertaking. 

Of  considerable  concern,  in  the 
search  for  ways  and  means  of  reduc¬ 
ing  loose  veneer  on  panels,  was  the 
control  of  variation  in  thickness  within 
a  core.  The  advice  of  The  Forest 
Products  Laboratory  that  a  within-core 
thickness  variation  of  .005  in.  was  a 
reasonable  requirement  led  to  the 
adoption  of  this  figure  as  a  standard. 

For  many  years,  only  planers  made 
by  Manufacturer  "A”  had  been  used 
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in  the  author’s  plant.  Suffice  it  to  say, 
when  the  finishing  planer,  made  by 
Manufacturer  "B”  was  installed  in  the 
rough  dimension  line,  upon  the  recom¬ 
mendation  of  the  Engineering  Depart¬ 
ment,  considerable  misgivings  con¬ 
cerning  the  new  planer  existed  on  the 
part  of  the  personnel  charged  with 
operating  it  and  maintaining  it.  The 
author  presumes  similar  situations  to 
occur  in  most  plants ! 

It  was  with  this  background,  that 
quality  control,  asking  for  control  of 
thickness  variation  within  a  core  of 
.005  in.  as  received  out  of  the  planer, 

entered  the  picture.  An  X  and  R  chart 
was  set  up,  using  a  core  as  a  subgroup 
and  taking  four  micrometer  measure¬ 
ments,  one  near  each  corner  of  the 
core.  Care  was  taken  to  always  record 
the  data  in  the  same  manner,  the  first 
measurement  being  the  corner  first 
entering  the  planer  and  the  subse¬ 
quent  measurements  being  taken  clock¬ 
wise  around  the  core.  This  orderly 
recording  of  data  later  provided  in¬ 
valuable  information.  Because  the 

-range  chart  portion  of  the  X  and  R 
chart,  in  this  instance,  clearly  indi¬ 
cated  the  ability  of  the  planer  to  pro¬ 
duce  a  uniform  thickness  within  a 
core.  Figures  4a,  4b,  4c,  and  4d  show 
only  the  range  (R)  charts.  The  part 

played  by  the  average  (X)  chart,  in 
showing  correctness  of  planer  set  up 
compared  to  a  thickness  standard  and 
the  ability  of  the  planer  to  hold  that 
average  thickness  from  core  to  core 
over  a  long  run,  is  beyond  the  scope 
of  this  discussion. 

Figure  4a  shows  the  data  first  taken 
on  planer  "B”,  the  machine  in  ques¬ 
tion.  It  will  be  noted  that  the  average 
variation  in  thickness  within  a  core 
was  .0095  in.  (R)  with  a  reasonable 
expectancy  of  obtaining  cores  with  a 
thickness  variation  as  high  as  .0217  in. 
(upper  control  limit).  Clearly,  this 
performance  of  planer  B  was  unsatis¬ 
factory.  Simultaneously,  similar  data, 
for  comparison  purposes,  was  taken  on 
a  planer  of  Manufacturer  "A”.  Here, 
the  (R)  was  approximately  .005  in. 
Needless  to  say,  the  misgivings  of  the 
operating  personnel  were  not  relieved 
by  these  studies! 

Manufacturer  "B”  was  called  in 
to  improve  the  performance  of  the 
planer.  After  considerable  investiga¬ 
tion  and,  on  the  basis  of  data  accumu¬ 
lated  by  quality  control  techniques 
in  the  manner  previously  described. 
Manufacturer  "B”  concluded  that  the 
lower  planer  shoes  were  warped,  or 
at  least  were  not  parallel.  When  the 
planer  was  torn  down,  it  was  fouiod 
that  one  shoe  was  warped  approxi¬ 
mately  .017  inches!  With  this  diffi¬ 
culty  corrected  by  the  manufacturer. 


data  shown  In  Figure  4b  shows  a 
decided  improvement,  the  average 
range  K,  having  been  reduced  from 
.0095  in.  to  .0039  in.  and  the  upper 
control  limit  reduced  to  .009  in. 

This  improvement  however,  was 
very  short  lived.  Figure  4c  shows  data 
taken  two  days  after  the  planer  had 
been  revamped.  The  average  range 
had  jumped  back  up  to  .0086  in.  and 
the  upper  control  limit  to  .0196  in. 
Again  this  performance  was  unsatis¬ 
factory.  The  manufacturer  had  dis¬ 
charged  his  responsibility  and  it  clearly 
was  up  to  the  operating  personnel  to 
take  the  action  necessary  to  obtain 
proper  performance.  At  a  conference 
of  all  interested  parties,  the  superin¬ 
tendent  of  the  operating  department, 
sensing  the  situation,  "broke  the  case 
wide  open”  by  openly  stating  his 
doubt  as  to  the  ability  of  his  expert 
setup  man  to  correct  the  situation. 
This  provided  the  spark  of  incentive 
needed!  Within  a  couple  of  weeks, 
the  planer  was  operating  very  well 
and  has  continued  to  do  so  since! 
Figure  4-d  shows  recent  data  taken. 
It  is  apparent  that  the  control  of 
within-core  thickness  variation  has 
been  obtained  and  is  being  maintained. 
The  climax  was  reached  when  the 
setup  men  and  foreman,  who  had  for 
so  long  entertained  misgivings  about 
planer  "B”,  asked  the  author  to  set 
similar  charts  on  planers  of  Manu¬ 
facturer  "A”  since  they  were  not  per¬ 
forming  as  well  as  planer  "B” ! 

The  author  is  pleased  to  report  that 
the  immediate  supervision  concerned 
with  this  planer  follow  the  quality 
control  charts  closely,  resetting  the 
planer,  grinding  the  knives  or  taking 
any  other  action  required,  when  the 
control  charts  show  a  drift  in  quality 
and  before  defective  work  is  produced. 

Case  Study  "E” — Inspection  of 
Incoming  Veneered  Panels 

Since  a  large  volume  of  the  ve¬ 
neered  panels  used  in  the  author’s 
plant  are  obtained  as  rough  veneered 
panels  from  our  southern  plants,  it 
was  immediately  apparent,  that  if  con¬ 
trol  of  quality  was  to  be  maintained 
in  the  machining  and  sanding  opera 
tions,  an  effective  screen  must  be  set 
up  to  insure  that  the  quality  of  mate¬ 
rial  entering  these  processes  be  con¬ 
trolled  at  an  economical  quality  level. 
The  "break  even”  point  lies  where 
the  cost  of  inspection  exceeds  the 
cost  of  letting  a  few  defective  articles 
enter  the  process. 

The  author’s  experience,  paralleled, 
no  doubt,  by  most  people  concerned 
with  the  management  of  inspection, 
long  ago  led  him  to  realize  that  one 
hundred  percent  inspection  is  no  assur¬ 
ance  of  one  hundred  percent  accuracy! 
Since  one  hundred  percent  inspection 


appeared  to  be  too  costly  anyway, 
sampling  inspection  seemed  to  hold 
the  answer. 

The  statistical  quality  control  tech¬ 
nique  of  acceptance  sampling  and  the 
many  published  plans  thereunder  were 
studied  in  detail.  The  acceptance- 
sampling  plans  adopted  for  this  appli¬ 
cation  were  those  published  by  the 
Columbia  Statistical  Research  Group. 

It  had  been  a  long  standing  prac¬ 
tice  to  charge  back  to  the  supplying 
plants  the  cost  of  excessively  defective 
material.  However,  the  inadequate 
"spot  checking”  and  the  lack  of 
proper  organization  of  this  inspection 
all  too  frequently  permitted  the  cost 
of  this  defective  material  to  be  an- 
sorbed  in  the  production  process. 

Through  discussion  of  the  objc  - 
tives  of  the  overall  plan,  an  agree¬ 
ment  was  reached  with  the  supplying 
plants  to  charge  back  the  cost  of  t!e- 
fective  material  above  and  beyond  a 
predetermined’  quality  level. 

However,  a  plan  of  this  sort  whi^n 
merely  transfers  the  cost  of  defect  ee 
material  from  one  plant  to  another 
within  the  same  organization  falls  tar 
short  of  the  desired  objectives.  T  ie 
only  real  gain  can  be  made  when  the 
supplying  plant  can  effectively  im¬ 
prove  their  quality. 

With  the  aid  of  a  manual,  pre¬ 
pared  to  fully  explain  the  details  of 
the  sampling  plan,  and  close  coordi¬ 
nation  between  plants,  the  supplying 
plants  are  setting  up  the  same  accept¬ 
ance  sampling  procedures  prior  to 
shipment.  Thus  the  magnitude  and 
nature  of  defects  can  be  readily  de¬ 
tected  at  source  and,  it  is  hoped,  will 
provide  the  impetus  for  courses  of 
action  to  effectively  reduce  the  amount 
of  defective  material  produced. 

In  a  program  of  this  sort,  frequent 
visits  by  both  supplier  and  consumer 
are  of  inestimable  value. 

One  of  the  principal  problems  to 
be  overcome  in  this  inter-plant  qu.il- 
ity  control  was  the  establishment  of 
clear,  concise  standards.  A  compre¬ 
hensive  manual  of  inspection  standards 
was  prepared,  defining,  among  other 
things,  the  tolerance  on  overall  size, 
the  short  and  narrow  veneer  tolerant,  c, 
the  various  types  of  defects  such  as 
split  veneer,  mismatch  of  spliced  ve¬ 
neer,  warp,  etc.  and  the  degree  to 
which  they  could  be  tolerated,  and  he 
grade  of  veneer  to  be  used.  The  ;:>e 
of  photographs  has  proven  useful  m 
defining  many  of  these  visual  qua'  ty 
characteristics. 

Conclusions 

The  author  is  convinced,  more  so 
than  ever,  after  better  than  two  years 
experience  in  the  actual  application  of 
statistical  quality  control  techniques  to 
(Continued  on  page  209) 
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Effective  Quality  Control 
on  End  Product 

ROBERT  H.  RIPLEY 

Testing  Operations,  Douglas  Fir  Plywood  Association  Laboratory,  Tacoma,  Washington 


Head,  Quality 


A  discussion  of  procedures  used  to  control  product  quality  on  an 
industry-wide  basis.  Formal  industry  standards  with  enforcement  by 
means  of  inspection  and  testing  have  resulted  in  an  enviable  repu¬ 
tation  for  product  quality  of  Douglas  fir  plywood.  Rigid  acceptance 
tests  for  glues  and  for  practices  afFecting  surface  grades  are  enforced 
to  assure  uniform  product  quality. 


Introduction 

An  industry-wide  quality  control 
xV program  such  as  described  here 
is  directed  towards  controlling  quality 
trends  or  levels.  The  theory  behind 
such  a  program  holds  that  sampling 
and  testing  can  indicate  significant 
changes  in  quality  levels.  Reliance  is 
placed  upon  the  development  of  com¬ 
plete  data  to  account  for  any  changes 
in  mill  quality  level  so  that  a  basis 
for  corrective  measures  is  already 
formed  if  tests  indicate  a  falling  off 
in  quality. 

There  is  a  significant  difference  be¬ 
tween  this  approach  to  the  problem 
and  that  of  most  individual  plants.  In 
the  latter  case,  efforts  are  generally 
directed  towards  controlling  the  qual¬ 
ity  of  each  shipment,  the  degree  of 
control  being  dependent  upon  the 
effectiveness  of  the  plant  system. 

Where  plant  quality  control  pro¬ 
grams  exist,  a  policy  of  close  coopera¬ 
tion  between  industry  and  mill  pro¬ 
grams  insures  close  control  of  product 
quality. 

Basis  for  a  Quality  Control  Program 

Effective  quality  control  is  predi¬ 
cated  upon  strict  standards.  Probably 
almost  all  manufacturing  plants  make 
use  of  some  sort  of  quality  control 
over  the  end  product  and  a  great 
many  make  use  of  the  most  advanced 
sampling,  testing,  and  statistical  tech¬ 
niques  to  assure  product  quality.  How- 
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ever,  unless  fixed  standards  are  ad¬ 
hered  to  by  mills  manufacturing  a 
common  product,  a  great  deal  of  harm 
may  be  done  by  those  operators  who 
may  be  more  interested  in  maximum 
production  at  the  expense  of  quality 
rather  than  a  reasonable  balance  be¬ 
tween  these  two  factors.  To  assure 
uniform  quality  on  an  industry  basis 
it  is  therefore  necessary  not  only  to 
have  a  written  standard  but  to  use 
effective  measures  for  enforcement  of 
that  standard. 

Experience  in  the  Douglas  fir  ply¬ 
wood  industry  has  shown  that  effective 
quality  control  work  can  be  carried 
out  on  an  industry-wide  basis.  A  pol¬ 
icy  of  universal  agreement  by  the  pro¬ 
ducing  mills  to  specified  quality  stand¬ 
ards  and  the  willingness  of  these  mills 
to  support  a  program  of  inspection 
and  testing  by  an  organization  inde¬ 
pendent  of  individual  mill  control 
have  resulted  in  effective  and  realistic 
industry-wide  quality  control  of  Doug¬ 
las  fir  plywood. 

The  Douglas  Fir  Plywood  Associa¬ 
tion,  trade  promotion  organization  for 
the  industry,  is  the  agency  adminis¬ 
tering  the  quality  control  program. 
Strictly  speaking,  it  is  not  industry 
wide,  as  it  includes  only  those  mills 
belonging  to  the  Association.  How¬ 
ever,  since  the  membership  is  com¬ 
prised  of  68  mills  producing  some 
93%  of  the  industry’s  footage,  I  be¬ 
lieve  it  reasonably  accurate  to  refer  to 
the  program  as  industry  wide. 

Since  most  industries  support  trade 
associations  for  purposes  of  promotion 
and,  to  some  extent,  reearch,  it  would 
appear  that  organizations  through 
which  effective  industry-wide  quality 
control  measures  could  be  adminis¬ 
tered  are  in  existence.  Once  agreement 


is  reached  concerning  product  stand¬ 
ards  and  if  inspection  and  testing  pro¬ 
grams  to  enforce  standards  can  be 
made  binding,  through  individual 
plant  agreement,  a  firm  industry-wide 
quality  control  program  will  work  in 
any  industry.  Such  a  policy  will  stimu¬ 
late  sales  as  soon  as  customers  discover 
the  uniformity  and  reliability  result¬ 
ing  from  effective  quality  control 
measures. 

Necessary  Tools 

Effective  product  control  requires 
the  use  of  inspection  and  testing  en¬ 
tirely  free  from  the  influence  of  the 
production  units. 

Inspection  and  testing  may  be 
termed  the  tools  for  making  a  quality 
control  program  work.  Use  of  these 
tools  by  a  trade  association  has  defi¬ 
nite  advantages  as  compared  with  in¬ 
dividual  plant  application.  In  the  lat¬ 
ter  situation  inspection  and  testing  are 
only  as  effective  as  mill  management 
wants  them  to  be.  If  it  is  expedient 
to  ignore  inspection  reports  and  test 
results,  who  can  object  except,  possi¬ 
bly,  the  customer?  However,  with 
administration  in  the  hands  of  an 
agency  responsible  for  maintaining 
industry  standards,  reports  concerning 
quality  cannot  be  overlooked  for  two 
reasons.  First,  the  producers  have  a 
moral  obligation  to  support  a  quality 
control  -program  to  which  all  have 
agreed  in  detail.  Second,  the  quality 
control  program  administered  by  a 
trade  association  should  contain  very 
real  penalties  for  non-conformance. 
The  program  as  administered  by  the 
Douglas  Fir  Plywood  Association 
authorizes  use  of  penalty  measures 
and  though  seldom  invoked,  they  are 
effective. 

Procedure 

To  best  set  forth  the  workings  of 
an  industry-wide  quality  control  pro¬ 
gram,  I  believe  an  account  of  the 
procedures  followed  in  the  Douglas 
fir  plywood  industry  and  administered 
through  the  Douglas  Fir  Plywood 
Association  is  in  order. 
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When  the  present  inspection  and 
testing  program  was  first  undertaken 
in  1938  by  the  Association  in  behalf 
of  the  18  member  mills,  it  was  agreed 
that  the  Association  would  hold  title 
to  and  own  the  registered  grade  marks 
used  in  grade  marking  panels  pro¬ 
duced  by  the  member  mills.  It  was 
also  agreed  that  if  member  mills  did 
not  produce  plywood  in  accordance 
with  the  established  standards,  the 
Association  had  the  right  to  repossess 
these  grade  marks.  Since  these  grade 
marks  were  widely  advertised  as  as¬ 
surances  of  good  plywood  quality  with 
the  result  that  more  and  more  orders 
specified  grade  marked  plywood,  it 
can  be  seen  that  loss  of  the  grade 
marks  would  be  a  serious  blow  to  a 
member  mill.  Thus  the  basis  for  an 
effective  industry-wide  quality  control 
program  was  set. 

To  aid  in  establishing  minimum 
standards  a  permanent  technical  com¬ 
mittee  made  up  of  representatives 
from  the  member  mills  was  organized 
to  review  recommendations  from  the 
industry  and  from  the  Association’s 
technical  staff.  The  individual  mills 
then  agreed  upon  a  set  of  minimum 
standards  as  a  basis  of  operation.  It 
should  be  noted  that  the  technical 
committee  is  still  a  working  group 
and  cooperates  with  the  Association’s 
technical  staff  whenever  changes  in 
standards  are  in  prospect. 

Actual  product  quality  control  is 
carried  out  by  the  Field  Supervisory 
Service  and  the  Glue  Line  Testing 
Section,  both  branches  of  the  Tech¬ 
nical  Department. 

Today,  with  Association  member¬ 
ship  expanded  to  68  plants,  the  basic 
product  quality  control  work  is  car¬ 
ried  out  by  the  15  men  making  up 
the  Field  Supervisory  Service.  These 
men  are  commonly  known  as  inspec¬ 
tors.  Their  primary  function  is  two¬ 
fold:  1.  Panel  grading,  and  2.  Taking 
samples  for  glue  line  testing.  This 
may  appear  to  be  a  rather  simple  job, 
but  I  believe  the  following,  detailed 
account  of  their  activities  will  indicate 
to  great  extent  why  the  industry-wide 
quality  control  program  has  been 
successful. 

Since  mills  belonging  to  the  Asso¬ 
ciation  are  scattered  along  the  West 
Coast  from  the  Canadian  border  south 
to  Santa  Rosa,  a  few  miles  north  of 
San  Francisco,  it  is  not  possible  for 
the  inspectors  to  work  out  from  a 
central  location.  Therefore  each  man 
is  based  in  a  territory  where  he  can 
best  cover  the  four  or  five  mills  as¬ 
signed  him.  These  men  are  responsible 
for  the  quality  control  work  in  their 
territories.  They  grade  panels  and 
take  test  samples  in  accordance  with 
procedures  established  by  the  Associa¬ 


tion.  However,  since  they  are  special¬ 
ists  in  plywood,  they  are  frequently 
called  upon  by  mill  management  to 
help  iron  out  mill  problems.  On  fre¬ 
quent  occasions  mill  management  has 
requested  the  exclusive  services  of  an 
inspector  over  a  period  of  time  on 
mill  problems.  Members  of  the 
Quality  Supervisory  force  are  not 
looked  upon  as  policemen  by  the 
mills,  but  rather  as  experts  to  whom 
they  can  turn  for  help. 

Panel  Grading 

Panels  are  graded  in  accordance 
with  a  definite  procedure.  The  follow¬ 
ing  quote  from  the  rules  governing 
grading  is  an  illustration  of  the  in¬ 
dustry’s  approach  to  the  quality  con¬ 
trol  program. 

"Supervisors  will  grade  80  to  100 
panels  (100  if  possible)  each  week 
in  each  mill.  Panels  shall  be  selected 
preferably  in  lots  of  10,  each  lot 
from  a  different  stack  or  location  if 
possible,  in  order  to  get  as  randomized 
a  selection  as  practicable. 

"Whenever  the  Supervisor  is  un¬ 
able  to  grade  the  quota  for  a  week  in 
a  mill,  he  will  double  the  quota  the 
following  week,  using  the  same  ran¬ 
domized  sampling  method. 

"A  continuous  record  of  each  mill’s 
grade  will  be  maintained  at  DFPA 
Laboratory  (Chief  Supervisor’s  office) 
in  Tacoma,  so  that  mill  averages  for 
the  last  1,000  panels  graded  will  be 
available  at  all  times. 

"Whenever  a  mill  average  for  last 
1,000  panels  exceeds  the  industry 
standard  for  a  permissible  'below 
grade  panels’,  the  mill  will  be  notified 
promptly  in  writing  and  a  two-weeks’ 
concentrated  grading  will  be  carried 
on  by  Supervisors.  During  this  period 
a  minimum  total  of  500  and  not  more 
than  600  panels  shall  be  graded,  in¬ 
volving  at  least  4  different  grading 
visits  by  the  Supervisor.  Panels  shall 
be  graded  in  lots  of  not  more  than  20, 
and  preferably  only  10,  from  any  one 
load  or  stack,  with  not  more  than 
150  panels  during  any  one  visit. 

"If  the  average  grade  of  these  500 
(to  600)  panels  fails  to  meet  industry 
standard,  the  grade  marking  privilege 
shall  be  withdrawn  from  the  mill, 
upon  notice  to  mill  in  writing  by 
Chief  Supervisor  or  his  superior, 
and  all  DFPA  stamps  and  brands 
removed.” 

Sampling  for  Glue  Testing 

Inspector’s  time  is  about  equally 
divided  between  grading  for  face 
quality  and  the  associated  trouble 
shooting,  and  tagging  samples  at  the 
glue  spreader  for  laboratory  testing. 

Quotas  have  been  set  up  to  cover 
sampling  of  the  two  types  of  Douglas 


fir  plywood.  A  minimum  of  50  sam¬ 
ples  of  Exterior  type  and  40  of  Inte¬ 
rior  type  is  tagged  each  month  in  each 
mill.  These  are  minimum  figures;  actu¬ 
ally  sampling  usually  exceeds  these 
quotas. 

Four  panels  are  tagged  at  random 
from  each  press  load  sampled.  Com¬ 
plete  notes  are  made  concerning  stock 
conditions,  glue  spreads,  temperatures, 
pressures,  maximum  and  minimum 
assembly  times,  identity  of  glue  usej; 
in  fact,  all  factors  that  could  have  any 
influence  upon  the  glue  line  qual.ty 
of  the  panels  are  recorded.  This  infor¬ 
mation  is  entered  upon  a  form  known 
as  a  glue  data  sheet,  a  copy  of  winch 
is  turned  over  to  mill  managemmt 
and  a  copy  sent  to  the  testing  lah<  a- 
tory.  With  complete  information  tor 
test  panels,  laboratory  technicians  ire, 
more  often  than  not,  able  to  tie  ’  st 
results  to  gluing  conditions. 

As  in  panel  grading,  inspectors  ire 
expected  to  spot  undesirable  glu  ig 
conditions  and  call  the  attention  of 
the  superintendent  or  foreman  to  he 
situation. 

In  addition  to  grading  and  s.rn- 
pling  for  glue  line  testing  the  inspec¬ 
tor  checks  glue  mixes,  checks  plat  n 
temperatures,  takes  samples  of  ven.er 
for  moisture  content  testing,  and  per¬ 
forms  other  tasks,  all  centering  about 
the  business  of  controlling  panel 
quality. 

Laboratory  Testing 

To  handle  the  large  volume  of  test¬ 
ing  that  goes  with  an  industry-wide 
quality  control  program  two  testing 
laboratories  are  in  use.  The  main  lab¬ 
oratory  is  in  Tacoma,  Washington, 
where  routine  testing  is  carried  out 
for  mills  north  of  the  Columbia  River. 
In  addition  all  non-routine  or  special 
tests  are  carried  out  here,  such  as 
approval  tests  on  new  glues,  tests  on 
the  effectiveness  of  toxic  agents  to  in¬ 
hibit  mold  attack  on  protein  glue 
lines,  and  all  manner  of  test  work  on 
problems  presented  by  member  mills. 
Here  also  is  located  the  Research  and 
Engineering  division  of  the  Technical 
Department.  A  second  Laborator\  is 
located  at  Eugene,  Oregon,  to  serve 
mills  in  Oregon  and  California. 

We  have  seen  how  panels  are  tagged 
in  the  mills  for  testing  and  that  com¬ 
plete  data  are  taken  at  this  time.  Sam¬ 
ples  from  tagged  panels  are  cut  to 
approximately  1'  x  2'  and  sent  in  or 
testing.  In  the  laboratory  these  par  Is 
are  cut  into  test  specimens  accord  ng 
to  type.  Five  plywood  shear  specini  ns 
are  prepared  from  Exterior  panels  end 
three  standard  six  inch  square  sp.  i- 
mens  are  cut  from  each  Interior  pa.  1. 

Specimens  are  then  subjected  to  .cst 
according  to  type.  Exterior  specini  ns 
are  put  through  a  cyclic  boiling  a  id 
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rying  test  and  broken  in  a  plywood 
'.iicar  testing  machine.  Breaking  loads 
e  noted  and  wood  failure  is  esti¬ 
mated  after  specimens  have  dried.  In- 
!  rior  specimens  are  subjected  to  a  ten 
•  cle  test  of  four  hours  soaking  in 
..  a  t  e  r  and  room  temperature  and 
l  Acnty  hours  drying  at  room  tempera- 
1  ,re. 

When  tests  are  completed  and  speci- 
i  .ens  thoroughly  examined,  test  re¬ 
ports  are  mailed  out  to  the  mill  con- 
t  ,  rned. 

At  the  end  of  each  month  a  reca- 
I  irulation  of  industry  performance  is 
mailed  to  the  mills  and  to  the  glue 
lompanies  supplying  the  industry.  This 
ri  port  rates  the  mills  in  numerical  or¬ 
der  with  the  mills  showing  the  best 
glue  line  record  at  the  top  and  so  on 
down.  The  report  also  lists  the  record 
for  each  glue  used. 

If  any  mill  shows  glue  quality  be¬ 
low  the  established  standard,  the  Asso¬ 
ciation  is  obligated  to  take  action  un¬ 
der  the  quality  control  policies.  Such 
action  consists  of  an  immediate  inten¬ 
sive  sampling  at  the  low  mill  which  is 
confined  to  plywood  bonded  with  the 
adhesive  used  in  the  manufacture  of 
the  original  low  panels.  If  tests  on 
samples  taken  during  the  intensive 
sampling  should  fall  below  the  estab¬ 
lished  minimum  standards,  then  the 
right  to  grade  mark  panels  made  with 
glue  in  question  is  withdrawn. 

This  policy  has  been  very  effective. 
It  has  resulted  in  the  elimination  of 
several  border  line  glues  from  the  in¬ 
dustry  and  has  stimulated  realistic  glu¬ 
ing  recommendations  based  on  reason¬ 
able  margins  of  safety  by  glue  sup¬ 
pliers.  In  addition  to  routine  glue  line 
testing  an  important  feature  of  indus¬ 
try-wide  quality  control  is  the  glue 
approval  program.  No  glue  can  be 
used  to  manufacture  panels  bearing 
the  Douglas  Fir  Ply'wood  Association’s 
grade  marks  unless  it  has  passed  the 
established  glue  approval  tests.  No 
control  is  exercised  over  glue  formula¬ 
tion,  or  other  characteristics  except  for 
the  one  stipulation  that  no  protein  or 
starch  can  be  used  in  Exterior  type 
glue  lines.  This  prohibition  stems 
from  some  sad  experiences  with  pro¬ 
tein  extended  Exterior  glues  under 
actual  outdoor  exposure.  Approval 
tests  on  proposed  glues  are  conducted 
upon  plywood  made  with  such  glues 
under  mill  conditions.  Test  run  pro¬ 
cedure  calls  for  manufacture  of  sev¬ 
er.!  1  press  loads  of  plywood  in  each  of 
tli :ee  separate  plants  with  runs  sched- 
id  d  so  that  all  standard  constructions 
ol  plywood  are  covered.  At  each  of 
th  se  runs  an  inspector  is  present  to 
sc  that  the  glue  is  mixed  and  used 
ac  )rding  to  the  schedules  furnished 
b\  he  glue  manufacturer.  Glue  spread, 
a^  mbly  times,  press  times,  and  tem¬ 


peratures  are  recorded  for  each  press 
load,  and  approval  is  granted,  if  pan¬ 
els  pass  the  tests,  to  the  glue  as  actu¬ 
ally  run.  This  means  that  in  addition 
to  approving  the  glue  as  such,  spread¬ 
ing  and  pressing  schedules  are  also 
approved  and  approval  is  limiteef  to 
the  minimum  conditions  under  which 
the  test  runs  were  made.  Linking  of 
glue  approvals  strictly  to  the  actual 
gluing  conditions  followed  during 
test  runs  is  an  extremely  important 
feature  of  the  glue  approval  policy. 
Minimum  gluing  recommendations  as 
far  as  spread,  press  time,  and  press 
temperatures  are  thus  established  and 
cannot  be  altered  without  additional 
test  runs  to  prove  the  validity  of 
changes.  Of  course  no  objection  is 
made  to  safe  changes  such  as  higher 
spreads,  higher  temperatures,  and 
longer  press  time. 

Thus  far  we  have  covered  the  basis 
for  an  industry-wide  quality  control 
program.  We  have  described  the  poli¬ 
cies  followed  and  how  they  are  en¬ 
forced.  I  believe  it  pertinent  to  devote 
space  here  to  some  of  the  other  testing 
activities  that  have  become  part  of  the 
quality  control  program.  Although  not 
of  an  official  nature,  they  are  a  defi¬ 
nite  contribution  to  the  over-all  pro¬ 
gram. 

The  mere  fact  that  laboratory  facili¬ 
ties  are  available  has  encouraged  indi¬ 
vidual  mills  to  bring  problems  in.  In 
some  instances  testing  for  individual 
mill  problems  has  resulted  in  large 
scale  routine  testing  on  an  industry¬ 
wide  basis.  For  instance,  years  ago 
some  moisture  content  testing  was 
started  as  a  service  for  one  or  two 
mills.  This  was  done  on  an  informal 
basis;  sampling  was  sporadic  but  the 
mills  considered  the  service  valuable. 
Over  the  years  moisture  content  test¬ 
ing  has  spread  to  the  point  where  it 
is  now  a  routine  service  for  all  mills. 
Sampling  is  on  a  regular  basis  and 
testing  is  an  important  part  of  labora¬ 
tory  work.  A  considerable  file  of 
worthwhile  data  has  been  developed 
on  veneer  and  plywood  moisture  con¬ 
tent  as  general  information  in  addi¬ 
tion  to  the  mill  service  rendered. 

It  has  also  become  a  practice  for 
member  mills  to  refer  new  products  to 
the  laboratory  for  evaluation.  Often 
the  laboratory  is  contacted  by  sales¬ 
men  who  upon  attempting  to  intro¬ 
duce  a  new  edge  sealer  or  patch  glue, 
as  examples,  to  member  mills,  are  re¬ 
ferred  to  the  Association  to  have  the 
product  tested.  Acceptance  is  then  de¬ 
pendent  upon  the  results  of  laboratory 
testing. 

It  may  be  seen  from  the  foregoing 
that  in  addition  to  the  formal  quality 
control  program  governing  grading 
and  glue  line  testing,  actual  industry 
quality  control  includes  a  great  many 


other  activities  which  result  in  wider 
product  quality  control. 

Perhaps  emphasis  should  be  placed 
upon  one  other  factor  contributing 
materially  to  effective  industry-wide 
quality  control.  Data  developed 
through  panel  grading  and  laboratory 
testing  are  the  basis  of  monthly,  quar¬ 
terly,  and  annual  reports  to  the  indus¬ 
try.  These  reports  are  published  for 
the  purposes  of  giving  individual  mills 
a  long  range  look  at  their  panel  qual¬ 
ity  and  for  comparing  mill  ratings 
with  industry  averages.  In  addition, 
in  the  case  of  adhesives,  comparisons 
are  made  between  the  performances 
of  the  individual  glues  on  the  basis 
of  test  results.  Such  a  system  has  the 
psychological  effect  of  stimulating 
efforts  toward  ever  better  product  qual¬ 
ity  on  the  part  of  individual  mills. 
It  is  even  more  effective  in  the  case 
of  glue  suppliers,  as  most  plywood 
manufacturers  use  the  monthly  reca¬ 
pitulation  of  test  results  as  a  criterion 
of  glue  quality  and  tend  to  use  those 
glues  with  the  better  records.  As  a  re¬ 
sult  glue  suppliers  are  constantly  alert 
to  falling  off  in  glue  line  performance. 

Of  course  such  a  system  can  be  ap¬ 
plied  only  through  an  industry-wide 
program. 

Conclusion 

We  have  described  how  an  industry¬ 
wide  quality  control  program  works 
in  the  Douglas  fir  plywood  industry. 
We  believe  a  similar  program  can  be 
adapted  to  many  other  industries  with 
great  profit. 

Perhaps  the  greatest  obstacle  to 
overcome  in  such  a  program  is  the 
usual  reluctance  of  individual  mill 
management  to  accept  the  idea  of  in¬ 
dependent  inspection  and  testing  with 
authority  to  enforce  findings.  Once 
this  factor  is  overcome,  effective  in¬ 
dustry  quality  control  measures  can  be 
instituted. 

Discussion 

Edward  P.  McMahon  (Nickey  Bros., 
Inc.) :  What  has  been  your  experience 
in  regard  to  the  magnitude  of  the  dif¬ 
ferences  in  wood  failure  readings  be¬ 
tween  expert  readers  on  the  same 
specimens? 

Mr.  Ripley:  This  is  a  good  ques¬ 
tion.  We  recognize  that  this  is  an  im¬ 
portant  problem.  We  use  standard 
samples  to  obtain  uniformity  among 
readers  and  require  periodic  checks 
against  these  standards.  Occasionally 
we  do  find  big  differences  from  reader 
to  reader. 

Joseph  P.  Foley  (Weyerhaeuser 
Timber  Company) :  How  is  the  sale 
of  unapproved  glues  to  mills  con¬ 
trolled  ? 

(Continued  on  page  210) 
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Some  Applications  of  Statistical  Quality 
Control  to  the  Drying  of  Lumber 

WILLARD  E.  PRATT 

Head  of  Technical  Division,  California  Redwood  Association,  San  Francisco,  California 


Simple  applications  of  statistical  quality  control  techniques  to 
the  control  of  the  final  moisture  content  of  kiln  dried  lumber  are 
described  and  illustrated.  The  Shewhart  control  chart  is  one  of  the 
essential  tools  in  statistical  quality  control.  By  separating  the  quality 
variations  which  are  due  to  assignable  causes  from  those  due  to  the 
operation  of  a  stable  system  of  chance  causes,  it  indicates  when 
corrective  action  may  be  taken  to  bring  about  improvement  in  prod¬ 
uct  quality.  The  Shewhart  control  chart  for  variables  also  indicates 
the  process  average  but  it  does  not  reveal  the  natural  tolerances 
of  the  process.  Other  statistical  aids  to  the  control  of  the  drying 
process  also  are  brought  out. 


Introduction 

IT  IS  GENERALLY  CONCEDED  that 
effective  quality  control  is  necessary 
if  new  markets  are  to  be  developed 
and  old  markets  retained  in  the  race 
of  strong  competition.  This  is  particu¬ 
larly  true  in  the  lumber  industry,  be¬ 
set,  as  it  is,  with  a  constantly  increas¬ 
ing  number  of  competitive  products. 
Most  of  these  products  enjoy  the  com¬ 
parative  advantage  of  a  high  degree  of 
uniformity.  An  advantage  which,  nat¬ 
urally  enough,  is  vigorously  exploited 
in  their  promotion  and  sale.  The  lum¬ 
ber  industry  can,  and  must,  meet  this 
challenge  by  improving  the  quality  of 
its  products. 

It  is  the  purpose  of  this  paper  to 
show  how  statistical  techniques  may 
be  employed  as  effective  tools  in  the 
control  of  one  of  the  important  quali¬ 
ties  of  kiln  dried  lumber,  the  final 
moisture  content.  Because  of  the  pre¬ 
conceived  ideas,  which  exist  with  re¬ 
spect  to  the  science  of  statistics,  the 
mention  of  statistical  quality  control 
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may  give  rise  to  misconceptions  con¬ 
cerning  the  techniques  used  and  the 
work  involved  in  putting  them  into 
effect.  While  some  of  the  underlying 
theories  are  complex,  the  practical  ap¬ 
plications  of  statistical  quality  control 
techniques  are  very  simple  as  will  be 
seen  from  the  examples  cited  later  in 
this  paper.  There  is  also  a  tendency 
to  mistrust  results  which  arc  obtained 
by  statistical  methods,  a  tendency  which 
is  anomalous  in  view  of  the  outstand¬ 
ing  success  with  which,  to  cite  but 
one  widely  known  example,  the  Na¬ 
tional  Safety  Council  has  been  able 
to  predict  the  accident  toll  on  major 
holidays. 

Statistical  treatments  are  applied  to 
data  in  an  effort  to  determine  their 
true  significance.  A  limited  amount  of 
data  contains  a  limited  amount  of  in¬ 
formation  and  it  is  the  purpose  of  sta¬ 
tistical  techniques  to  reveal  this  infor¬ 
mation  while,  at  the  same  time,  avoid¬ 
ing  confusing  manipulations  which 
lead  to  false  or  unwarranted  conclu¬ 
sions.  Statistical  methods  should  not, 
however,  be  expected  to  remedy  irregu¬ 
larities  or  deficiencies  in  the  basic  data. 
Data  must  be  protected  from  these 
faults  by  planning  which  excludes 
known  sources  of  error  wherever  prac¬ 
ticable.  Unknown  .sources  of  error, 
and  known  sources  of  error  which  it 
is  impracticable  to  exclude,  may  be 
minimized  by  randomization.  A  dis¬ 
cussion  of  randomization  is  beyond  the 
scope  of  this  paper  and  those  inter¬ 
ested  are  referred  to  Fisher.^ 

1  Fisher,  R.  A.  "The  Design  of  Experiments”, 
Hafner  Publishing  Company,  New  York,  1951. 


The  Statistical  Viewpoint 

To  understand  how  statistical  qu.!i- 
ity  control  techniques  may  be  applii  J 
to  the  control  of  the  final  moistu  e 
content  of  kiln  dried  lumber,  it  is  fir-.t 
necessary  to  adopt  what  is,  for  mar./, 
an  entirely  new  point  of  view.  T1  ;s 
point  of  view,  as  stated  by  Grarr^ 
is:  "Measured  quality  of  manufactur  d 
product  is  always  subject  to  a  certain 
amount  of  variation  as  a  result  vif 
chance.  Some  stable  'system  of  chan  e 
causes’  is  inherent  in  any  particuiir 
scheme  of  production  and  inspection. 
Variation  within  this  stable  pattern  is 
inevitable.  The  reasons  for  variations 
outside  this  stable  pattern  may  be  dis¬ 
covered  and  corrected”.  The  forego¬ 
ing  statement  is  general.  A  specific 
statement  of  this  point  of  view  with 
reference  to  the  kiln  drying  of  lumber 
might  be:  The  final  moisture  content 
of  kiln  dried  lumber  is  always  subject 
to  a  certain  amount  of  variation  due 
to  the  operation  of  a  system  of  chance 
causes.  This  system  of  chance  causes 
remains  stable  so  long  as  no  change  is 
made  in  the  factors  by  which  it  is  de¬ 
termined.  These  include:  (A)  The 
species,  thickness,  weight  segregation, 
etc.  of  the  lumber,  (B)  The  extent  of 
pre-air  seasoning,  if  any,  (C)  The 
methods  and  equipment  used  in  the 
drying  process,  and  (D)  The  drying 
schedules  used.  Variations  in  excess 
of  those  to  be  expected,  from  the 
operation  of  this  system  of  chance 
causes,  may  be  attributed  to  an  a>.>  i- 
dental  or  intentional  change  that  v  .is 
made  in  one  (or  more)  of  the  abi  ve 
mentioned  factors.  Such  a  change  is 
termed  an  assignable  cause  of  va:  a- 
tion. 

Shewhart  Control  Chart 

It  is  all  very  well  to  know  that  so  le 
variations  are  due  to  the  operation  of 
"chance  causes”  and  that  others  re 
due  to  "assignable  causes”  but,  if  t  'is 
knowledge  is  going  to  serve  a  ust  ul 

“  Grant,  E.  L.  "Statistical  Quality  Cont. 
McGraw-Hill  Book  Company,  Inc.,  New  V  :k, 
1952. 
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p-^rpose,  we  must  be  able  to  distin¬ 
guish  between  the  two  easily  and  with 
a  iiigh  degree  of  certainty.  The  Shew- 
h.irt  control  chart  for  variables  is  the 
e'-^cntial  tool  in  statistical  quality  con¬ 
trol  which  makes  this  distinction  pos- 
!  sil  ie.  In  separating  the  quality  varia- 
i  tums  which  are  due  to  assignable 
c.i  ises  from  those  due  to  chance  causes, 
tli.  Shewhart  control  chart  performs 
a  valuable  service.  It  indicates  when 
corrective  action  may  be  taken  to  bring 
al'out  an  improvement  in  product  qual¬ 
ity  and,  by  identifying  certain  quality 
variations  as  the  inevitable  result  of 
chance  causes,  it  prevents  numerous 
unwarranted  process  adjustments 
which,  all  too  frequently,  do  more 
harm  than  good. 

Attributes  and  Variables 

Before  proceeding  with  the  devel¬ 
opment  of  a  plan  of  statistical  quality 
control,  it  is  well  to  consider  the 
nature  of  qualities.  Qualities  may  be 
I  separated  into  two  types:  attributes 
and  variables.  Attributes  are  those 
qualities  which  are  either  absent  or 
present  and  which,  if  present,  fall 
into  a  limited  number  of  discrete  cate¬ 
gories.  Variables  are  those  qualities 
which  are  always  present  to  a  greater 
or  less  degree.  The  measurment  of 
variables  involves  the  use  of  a  scale 
that,  in  theory,  may  be  infinitely 
I  divided. 

^  In  the  case  of  lumber,  sapwood, 
knots,  machine  burn,  etc.  are  most  fre¬ 
quently  considered  as  attributes  while 
moisture  content,  length,  width,  thick¬ 
ness,  density,  etc.  are  generally  con¬ 
sidered  as  variables.  The  "go,  no-go” 
technique  provides  a  means  for  meas¬ 
urement  by  attribute  which  is  based 
upon  arbitrarily  predetermined  mag¬ 
nitudes  of  a  variable. 

Where  a  quality  may  be  treated  as 
I  either  an  attribute  or  a  variable,  the 
choice  of  treatment  will  depend  upon 
the  economics  of  the  case.  When  a 
variable  is  treated  as  an  attribute,  no 
information  is  developed  as  to  how 
good  the  acceptable  items  are  nor  as 
to  how  poor  the  rejects  are.  It  is, 
therefore,  necessary  to  make  several 
time-s  more  measurements  by  attribute 
than  by  variable  to  determine  the  level 
of  quality  with  a  given  degree  of 
precision. 

After  weighing  the  advantages  and 
I  disadvantages  of  control  by  attribute, 
as  compared  with  control  by  variable, 
it  !us  been  decided  that  it  is  more 
economical  to  control  the  final  mois- 
hir,.  content  of  kiln  dried  redwood 
lun  iser  by  treating  this  quality  as  a 
vari.tble  and,  consequently,  this  paper 
is  i.mited  to  the  consideration  of  vari- 
ab!  s. 


Construction  of  the  Shewhart  Con¬ 
trol  Chart  for  Variables 

The  first  step  in  the  construction  of 
the  Shewhart  control  chart  for  vari¬ 
ables  is  the  collection  and  recording  of 
the  basic  data  which,  in  the  examples 
to  follow,  is  the  final  moisture  con¬ 
tent  of  kiln  dried  redwood  lumber  ex¬ 
pressed  as  a  percentage  of  the  oven- 
dry  weight.  It  is  unnecessary,  if  not 
actually  undesirable,  to  attempt  to  de¬ 
termine  the  moisture  content  of  every 
piece  of  lumber  that  is  dried.  It  will 
suffice  to  determine  the  moisture  con¬ 
tent  of  a  representative  sample.  Since 
the  moisture  content  of  the  entire  kiln 
output  will  be  judged  on  the  basis  of 
the  information  obtained  from  the 
sample,  it  is  vital  that  a  procedure  be¬ 
set  up  which  will  ensure  that  the  sam¬ 
ple  is  truly  representative.  Several  such 
procedures  suggest  themselves.  In  an 
operation  where  all  the  kiln  dried 
lumber  is  put  over  a  dry  sorter  as 
soon  as  it  is  taken  from  the  cooling 
sheds,  a  convenient  procedure  would 
be  to  take,  as  samples,  the  10th,  20th, 
30th,  etc.  boards  to  pass  a  designated 
point  after  a  given  time.  The  sample 
boards  should  be  identified,  with  ap¬ 
propriate  numbers,  as  soon  as  they  are 
selected  so  that  their  moisture  con¬ 
tents  will  be  recorded  in  the  same  or¬ 
der  as  they  were  obtained.  Alterna¬ 
tively,  sample  boards  may  be  obtained 
from  each  kiln  charge.  When  samples 
are  obtained  in  this  way,  they  should 
be  selected  in  accordance  with  some 
pattern,  the  elements  of  which  have 
been  predetermined  by  chance.  By  way 
of  contrast,  sample  boards,  chosen  as 
a  result  of  individual  whim,  would  be 
of  very  doubtful  value. 

Sample  boards  taken  from  the  dry 
sorter  or  directly  from  the  kiln  charges 
will  form  a  satisfactory  basis  for  a 
control  chart.  If  taken  directly  from 
the  kiln  charges,  the  records  should 
show  the  location,  in  the  charge,  from 
which  each  sample  was  obtained.  In 
either  case,  it  is  desirable  to  retain  the 
identity  of  the  kiln  charges  from  which 
the  samples  were  obtained. 

Oven  sections  should  be  cut  from 
the  sample  boards  and  weighed  as 
soon  as  possible  after  the  samples  have 
been  chosen  so  as  to  minimize  errors. 
The  moisture  content  of  each  sample 
expensed  as  a  percentage  of  its  oven- 
dry  weight,  is  calculated  to  the  nearest 
tenth  of  a  percent  and  this  informa¬ 
tion  is  recorded.  In  order  that  they 
may  yield  all  the  information  possible, 
the  data  are  arranged  in  subgroups. 
These  subgroups  may  be  comprised  of 
from  two  to  twenty  consecutive  sam¬ 
ples.  Five  is,  in  many  respects,  an  ideal 
subgroup  size.  If  it  is  desired  to  make 
the  control  chart  more  sensitive  to 


minor  changes  in  the  process  average 
(average  moisture  content),  a  sub¬ 
group  of  ten  is  recommended.  The 
total  number  of  samples  taken  will 
depend  upon  the  subgroup  size  chosen. 
When  the  control  chart  shows  that 
the  process  is  in  control,  enough  sam¬ 
ples  to  make  two  subgroups  per  kiln 
charge  probably  will  be  sufficient. 
When  starting  a  statistical  quality  con¬ 
trol  program  or  when  trying  to  bring 
a  process  into  a  satisfactory  state  of 
control,  it  may  be  advisable  to  obtain 
sufficient  data  for  four  or  more  sub¬ 
groups  per  kiln  charge. 

By  way  of  illustration,  let  us  con¬ 
sider  the  case  of  a  mill  where  a  pro¬ 
gram  to  apply  statistical  quality  con¬ 
trol  techniques,  to  the  control  of  the 
final  moisture  content  of  kiln  dried 
redwood  lumber,  is  being  inaugurated. 
The  following  assumptions  are  made: 

1.  That,  at  the  outset,  the  program 
will  be  limited  to  4/4  uppers 
which  were  originally  "heavy 
segregation”  since  lumber  of  this 
type  constitutes  the  bulk  of  the 
kiln  output  of  the  mill  in  ques¬ 
tion. 

2.  That  the  lumber  is  pre-air  dried 
to  an  average  moisture  content 
of  40  percent  before  being  kiln 
dried. 

3.  That  specifications  require  that 
90  percent  of  the  kiln  dried 
lumber  be  below  10  percent 
moisture  content  and  that  none 
of  the  lumber  be  above  15  per¬ 
cent  moisture  content. 

It  was  decided  to  group  the  data 
into  subgroups  of  five  and  to  take 
enough  samples  from  each  kiln  charge 
to  form  two  subgroups.  The  subgroup 
number,  kiln  and  charge  number  and 
the  moisture  content  of  each  sample 
were  recorded.  The  average  (X)  of 
each  subgroup  was  computed  by  total¬ 
ing  the  percentage  moisture  contents 
of  the  samples  in  the  subgroup  and 
dividing  by  the  number  of  samples. 
The  range  (R)  of  each  subgroup  was 
computed  by  subtracting  the  smallest 
value  in  the  subgroup  from  the  largest. 

The  data  resulting  from  the  first 
100  samples  (20  subgroups)  is  set 
forth  in  Table  1.  Since  the  significance 
of  the  data,  in  Table  1,  is  not  readily 
discernible,  it  must  be  manipulated 
further.  The  first  step  is  to  plot  the 
average  (X)  and  the  range  (R)  of 
each  subgroup.  The  two  values  (X  and 
R)  for  each  subgroup  should  be  plot¬ 
ted  on  the  same  chart  as  was  done  in 
Figure  1.  The  next  step  is  to  calculate 

the  grand  average  (X)  and  the  aver¬ 
age  range  (R).  Continuing  with  our 
example: 
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x  = 


Sum  of  subgroup  averages  178 


Number  of  subgroups 


20 


=  8.90  percent 


-  Sum  of  subgroup  ranges  _ 41.8 

Number  of  subgroups  20 

X  and  R  are  represented  on  the  chart 
by  continuous  horizontal  lines.  The 
next  step  is  to  calculate  the  upper  and 
lower  control  limits  for  X  and  R. 
They  are  calculated  according  to  the 
following  formulas: 

Upper  control  limit  for  X  =  UCLx 

==f  +  A^R 

Lower  control  limit  for  X  =  LCLx 
==  X  —  AjR 

Upper  control  limit  for  R  =  UCLr 
=  D,R 

Lower  control  limit  for  R  =  LCLr 

=  D3R 

The  factors  needed  to  solve  these  for¬ 
mulas  are  given  in  Table  2  below. 

Table  2 — FACTORS  FOR  DETERMINING  THE 
3-SIGA^  CONTROL  LIMITS  FOR 
X  AND  R  CHARTS 


Number  of  samp.ea 


in  subgroup 

A, 

D, 

D, 

5 . 

_  0.58 

0 

2.11 

10 . 

_  0.31 

0.22 

1.78 

Substituting  in  the  formulas: 

UCLx  =  8.90  -f  (0.58)  (2.09)  = 
10.11 


-  =  2.09  percent 

Figure  1  is  the  Shewhart  control 
chart  for  variables  towards  which  we 
have  been  working.  It  tells  us  that, 
under  current  operating  conditions, 
the  output  of  these  dry  kilns  is  such 
that  the  average  moisture  content  of 
subgroups  of  five  samples  (X)  may 
be  expected  to  vary  between  7.69  per¬ 
cent  and  10.11  percent  and  that  the 
range  of  moisture  contents  within  each 
subgroup  (R)  may  be  expected  to 
vary  between  zero  and  4.41  percent. 
It  tells  us  that  variations  in  excess  of 
these  limits  are,  in  all  probability, 
due  to  assignable  causes  which  can  be 
found  and  corrected.  It  also  tells  us 
that  variations  within  these  limits  are 
due  to  a  system  of  chance  causes  which 
is  inherent  in  this  particular  drying 
operation  and,  if  we  wish  to  reduce 
these  variations,  it  will  be  necessary 
to  make  a  basic  change  in  the  drying 
operation. 

Upon  examination  of  the  control 
chart,  it  immediately  becomes  appar¬ 
ent  that  two  points  (subgroups  7  and 
16)  are  outside  the  control  limits  on 
the  chart  for  averages  and  that  one 


point  (subgroup  15)  is  outside  the 
control  limits  on  the  chai^  for  ranges. 

Since  the  control  chart  indicates  that 
subgroups  7,  15  and  16  reflect  the 
operation  of  assignable  causes,  an  effort 
should  be  made  to  determine  the  na¬ 
ture  of  these  causes.  An  examination 
of  Table  1  shows  that  the  samples, 
which  comprised  these  subgroups, 
were  dried  in  kiln  number  2.  Further 
investigation  is  necessary  to  determine 
the  cause  of  the  trouble.  With  th' 
control  chart  indicating  that  there  i, 
an  assignable  cause  to  be  found  an  ! 
with  the  finger  of  suspicion  pointin.; 
at  kiln  number  2,  the  source  of  th. 
trouble  will  probably  be  discoverec: 
Among  the  possibilities  that  should  b 
investigated  are: 

1 .  The  kiln  schedules,  which  wer 
used  to  dry  these  two  charge  > 
(2-2  and  2-4),  may  have  been 
modified. 

2.  One  or  more  of  the  heating  coil, 
in  this  kiln  may  be  functionin ; 
erratically;  perhaps  because  o" 
faulty  traps. 

3.  The  doors  may  not  close  tightl.- 
thus  allowing  excessive  air  leak¬ 
age. 

Other  possibilities  will  suggest 
themselves  to  those  familiar  with  the 
kilns  and  their  method  of  operation. 


Table  1— PERCENTAGE  MOISTURE  CONTENT  OF  KILN  DRIED  4/4  REDWOOD  UPPERS 


LCLf  =8.90—  (0.58)  (2.09)  = 
7.69 

UCLr  =(2.11)  (2.09)  =4.41 

LCLr  =  (0)  (2.09)  =0 

The  control  limits  are  represented 
on  the  chart  by  broken  lines.  They 
may  be  projected  into  the  future  but 
new  control  limits  should  be  calcu¬ 
lated  as  soon,  after  an  operational 
change  has  been  made,  as  sufficient 
data  (about  20  subgroups)  is  accu¬ 
mulated.  New  control  limits  should 
also  be  calculated  if  the  control  chart 
indicates  that  there  has  been  a  sus¬ 
tained  shift  in  either  range  or  average. 


Subgroup 

number 

Kiln  and 

Sample 

Average 

Rangn 

R 

number 

a 

b 

c 

d 

e 

X 

1 . 

_  1-1 

8.0 

7.5 

9.2 

8.2 

7.0 

8.0 

2.2 

2 . 

_  1-1 

8.5 

8.4 

9.5 

8.9 

7.8 

8.6 

1.7 

3 . 

_  2-1 

7.6 

7.6 

8.7 

8.3 

8.4 

8.1 

1.1 

4 . 

_  2-1 

7.3 

8.2 

8.8 

8.9 

8.1 

8.3 

1.6 

5 . 

_  1-2 

8.1 

7.7 

8.1 

8.4 

8.1 

8.1 

0.7 

6 . 

_  1-2 

7.8 

8.6 

9.4 

9.1 

8.9 

8.8 

1.6 

7 . 

_  2-2 

8.4 

10.0 

9.5 

12.1 

12.0 

10.4 

3.7 

8 . 

_  2-2 

9.3 

9.7 

10.2 

10.8 

10.0 

10.0 

1.5 

9 . 

_  1-3 

8.9 

8.8 

10.4 

8.9 

8.0 

9.0 

2.4 

10 . 

_  1-3 

8.5 

10.6 

9.0 

8.8 

9.9 

9.4 

2.1 

11 . 

_  2-3 

7.7 

9.2 

10.3 

9.0 

10.8 

9.4 

3.1 

12 . 

_  2-3 

8.5 

9.7 

7.2 

8.6 

8.3 

8.5 

2.5 

13 . 

_  1-4 

8.9 

9.0 

8.0 

8.0 

9.4 

8.5 

1.4 

14 . 

_  1-4 

8.2 

8.3 

7.7 

8.7 

8.1 

8.2 

1.0 

15 . 

_  2-4 

8.4 

10.8 

9.9 

13.1 

8.5 

10.0 

4.7 

16 . 

_  2-4 

11.1 

12.2 

8.8 

10.1 

9.8 

10.4 

3.4 

17. . 

_  1-5 

9.0 

10.1 

8.5 

9.1 

8.6 

9.1 

1.6 

18 . 

_  1-5 

7.6 

8.8 

8.5 

8.3 

8.4 

8.3 

1.2 

19 . 

_  2-5 

7.0 

9.8 

8.1 

9.4 

8.6 

8.6 

2.8 

20 . 

_  2-5 

7.8 

7.7 

9.2 

8.7 

8.2 

8.3 

1  5 

Totals _ 

178.0 

41.  S 

Figure  1. — Moisture  content  of  kiln  dried  4/4  redwood  uppers:  Shew¬ 
hart  control  chart  for  overages  and  ranges  (subgroups  of  five). 
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Figure  2. — Moisture  content  of  kiln  dried  4/4  redwood  upp**  s: 
frequency  distribution  of  individual  sample  measurements. 
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Olher  Statistical  Aids  to  the  Control 
of  the  Drying  Process 

\Vhile  the  Shewhart  control  chart 
is  probably  the  most  potent  tool  used 
in  statistical  quality  control,  other  sta¬ 
tic  ical  tools  can  serve  valuable  pur- 
pusc-s.  Frequency  distribution  and 
a:  nulative  frequency  curves  are  easy 
to  understand  and  provide  needed  in- 
fo'ination.  If  the  individual  moisture 
contents  tabulated  in  Table  1  are  tal¬ 
lied  according  to  their  magnitude  with 
al!  samples  having  a  moisture  content 
of  from  7.0  percent  to  7.9  percent  tal- 
licti  together  in  one  group  and  those 
ha\ing  a  moisture  content  of  from 
8.(1  percent  to  8.9  percent  tallied  to- 
gether  in  a  second  group,  etc.  a  com¬ 
pilation,  such  as  Table  3,  would  result. 

Table  3— GROUPED  FREQUENCY  DISTRIBU¬ 
TION  OF  MOISTURE  CONTENT  OF  KIIN 
DRIED  4/4  REDWOOD  UPPERS 

(Data  from  Table  1 ) 


Midpoint 

of 

(Iroup 

Upper 
Boundary 
of  Group 

Frequency 

Cumulative 

Frequency 

7.45% 

7.95% 

15 

15 

8.45 

8.95 

48 

63 

9.45 

9.95 

21 

84 

10.45 

10.95 

11 

95 

11.45 

11.95 

1 

96 

12.45 

12.95 

3 

99 

13.45 

13.95 

1 

100 

The  data  from  Table  3  is  shown 
graphically  in  Figures  2  and  3.  To 
construct  Figure  2,  the  frequency  of 
each  group  of  moisture  contents  was 
plotted  at  its  midpoint.  A  smooth 
curvx*  was  drawn  through  the  plotted 
points  as  such  a  curve  more  nearly 
represents  the  population,  from  which 
these  samples  were  drawn,  than  would 
an  irregular  line  connecting  the  points. 
This  curve  is  slightly  lop-sided  due  to 
the  nature  of  the  lumber  drying  proc¬ 
ess.  In  the  particular  drying  operation 
from  which  these  data  were  obtained, 
the  equilibrium  moisture  content  was 
never  lower  than  4.3  percent  and,  as 
a  consequence,  the  left  hand  limb  of 
the  frequency  distribution  curve  can¬ 
not  extend  beyond  that  figure.  No  fac¬ 
tor  of  this  nature  operated  to  restrict 
the  right  hand  limb  of  the  curve. 

Lop-sided  curvxs  are  said  to  be 
skewed.  This  curve  is  positively 
skewed.  A  small  amount  of  skewness, 
sucli  as  this,  may  usually  be  disre¬ 
garded  without  serious  consequences. 
In  this  process,  the  skewness  will  prob- 
ab!'  decrease  when  the  conditions, 
wh:.h  caused  subgroups  7,  15  and  1 6 
to  I'c  out  of  control,  are  corrected. 

I  tgure  3  was  constructed  by  plot- 
hn  the  cumulative  frequencies,  shown 
in  fable  3,  at  points  which  corre- 
spf.,;ded  to  the  upper  boundaries  of 
tht  roups  and  then  drawing  a  smooth 
cur  through  the  plotted  points.  The 
frt  icncies  were  plotted  at  the  upper 
boi  daries  of  the  groups  since  the 
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cumulative  frequency  shown  for  each 
group  was  the  total  number  of  occur¬ 
rences  below  the  upper  limit  of  the 
group. 

Frequency  distribution  curves  are 
easier  to  interpret  when  the  frequen¬ 
cies  are  expressed  as  percentages  rather 
than  as  number  of  occurrences.  The 
frequencies  given  in  Table  3,  are 
numerically  equal  to  the  correspond¬ 
ing  percentages  since  exactly  100  meas¬ 
urements  were  tabulated. 

The  skewness,  mentioned  in  connec¬ 
tion  with  Figure  2,  is  also  evident  in 
Figure  3.  It  accounts  for  the  lack  of 
symmetry  in  the  curve. 


Figure  3. — Moisture  content  of  kiln  dried 
4/4  redwood  uppers:  cumulative  frequency 
of  individual  sample  measurements. 


Figure  3  may  be  used  to  determine 
whether  or  not  the  drying  specifica¬ 
tions  are  being  met.  A  brief  inspec¬ 
tion  of  the  curve  indicates  that  little, 
if  any,  of  the  lumber  exceeded  the 
upper  specification  limit  of  15  percent 
moisture  content.  The  other  specifica¬ 
tion  was  that  90  percent  of  the  lumber 
be  below  ten  percent  moisture  content. 
To  check  this  specification,  enter  Fig¬ 
ure  3  from  the  right  hand  margin  at 
the  point  which  corresponds  to  a 
cumulative  frequency  of  90  percent. 
Move  horizontally  to  the  curve  and 
then  move  vertically  to  the  scale  at  the 
bottom  of  the  figure  where  the  mois¬ 
ture  content  may  be  read.  In  this  ex¬ 
ample  90  percent  of  the  lumber  is  not 
below  ten  percent  moisture  content  but 
90  percent  is  below  10.4  percent  mois¬ 
ture  content.  This  indicates  that,  to 
meet  specifications,  the  curve  must  be 
shifted  to  the  left  by  an  amount  equal 
to  0.4  percent  on  the  moisture  content 
scale.  Since  a  minor  shift  in  the  curve 
will  not  have  an  appreciable  effect  on 
its  shape,  we  may  assume  that  if  the 
kiln  drying  time  is  increased  and/or 
the  drying  schedules  are  modified  so 
that  the  average  moisture  content  of 
the  dry  lumber  is  reduced  by  0.4  per¬ 
cent  (from  8.90  percent  to  8.50  per¬ 
cent)  the  specifications  will  be  met. 
As  was  indicated  in  the  discussion  of 


Figure  2,  correction  of  the  conditions 
which  caused  subgroups  7,  15  and  16 
to  be  out  of  control  will  change  the 
distribution  of  moisture  contents.  This 
will  probably  enable  the  operation  to 
meet  specifications  by  making  a  lesser 
reduction  in  the  average  moisture  con¬ 
tent.  After  the  indicated  adjustment 
has  been  made,  a  new  cumulative  fre¬ 
quency  curve,  based  on  new  data, 
should  be  prepared  to  determine  what, 
if  any,  additional  adjustment  is  re- 

?uired.  Manson®  has  shown  that  the 
requency  distribution  curves,  obtained 
by  plotting  frequency  against  the  log¬ 
arithm  of  the  moisture  content  of  kiln 
dried  lumber,  are  virtually  normal.  He 
has  further  shown  that  more  precise 
adjustments  of  the  drying  process  may 
be  made  when  calculations  are  based 
on  logarithms  of  the  moisture  contents 
rather  than  on  the  moisture  contents 
themselves.  While  this  more  precise 
approach  to  the  statistical  quality  con¬ 
trol  of  the  final  moisture  content  of 
kiln  dried  lumber  permits  more  accu¬ 
rate  adjustments  of  the  drying  process 
than  does  the  "cut  and  try”  approach 
described  in  the  example  above,  it  is 
felt  that  its  greater  complexity  will 
limit  its  use  to  those  who  are  well 
versed  in  statistical  methods. 

Summary 

Statistical  quality  control  techniques 
may  be  employed  as  effective  tools  in 
the  control  of  the  final  moisture  con¬ 
tent  of  kiln  dried  lumber.  The  Shew¬ 
hart  control  chart  is  probably  the  most 
potent  of  these  tools.  By  separating  the 
quality  variations  which  are  due  to  as¬ 
signable  causes  from  those  due  to  the 
operation  of  a  stable  system  of  chance 
causes,  it  indicates  when  corrective 
action  may  be  taken  to  bring  about 
improvement  in  product  quality.  The 
Shewhart  control  chart  for  variables 
also  indicates  the  process  average  but 
it  does  not  reveal  the  natural  toler¬ 
ances  of  the  process.  These  tolerances 
may  be  calculated  from  the  control 
limits  on  the  chart,  by  means  which 
are  beyond  the  scope  of  this  paper,  or 
they  may  be  judged  from  frequency 
distribution  curves  and  cumulative  fre¬ 
quency  curves. 

Discussion 

John  B.  Veach,  Jr.  (Bemis  Hard¬ 
wood  Lumber  Co.) :  In  the  example 
which  was  used  in  this  paper  what  is 
the  probable  significance  of  a  point 
outside  the  control  limits  from  the 
chart  for  averages. 

Mr.  Pratt:  Average  moisture  con¬ 
tents  are  controlled  by  kiln  operators 
through  the  use  of  samples.  Averages 

*  Manson,  B.  C.  "Application  of  Statistical 
Quality  Control  to  the  Seasoning  of  Lumber", 
unpublished  Memorandum,  California  Redwood 
Association,  San  Francisco,  1953. 

(Continued  on  page  212) 
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While  technical  considerations  are  of  first  importance  in  gluing 
operations,  these  factors  alone  do  not  insure  the  best  performance 
of  the  gluing  department.  Ideal  conditions  are  so  seldom  reached 
that  daily  exercise  of  practical  judgment  is  commonly  necessary 
and  anticipation  of  results  from  compromises  is  a  very  important 
responsibility.  This  paper  discusses  ways  and  means  of  getting  best 
overall  results  from  gluing  formulas,  facilities  and  personnel  available. 


This  discussion  is  meant  to  assist 
in  adapting  the  technical  informa¬ 
tion  available  on  gluing  with  synthetic 
resins  to  the  requirements  of  produc¬ 
tion  in  the  bonding  of  Eastern  hard¬ 
woods.  Its  further  purpose  is  to  show 
how  simple  and  reasonable  methods 
of  control  in  the  glue  room  can  effect 
worthwhile  and  measurable  savings  in 
plywood  manufacture. 

Those  engaged  in  production  gluing 
have  available  a  tremendous  amount 
of  technical  and  promotional  literature 
on  how  their  operations  should  be  per¬ 
formed.  The  straight  production  man, 
however,  is  not  ordinarily  a  great 
reader  of  technical  literature,  and  is 
not  apt  to  have  had  the  training  or 
wide  experience  allowing  him  to 
separate  from  the  field  that  which  is 
useful  to  him.  Neither  does  he  com¬ 
monly  attend  the  technical  sessions 
where  the  problems  of  the  industry 
and  their  solutions  are  discussed.  His 
principal  contact  is  liable  to  be  the 
sales  representative  with  specific  prod¬ 
ucts  to  sell.  And  since  the  production 
man,  usually  the  glue  room  foreman, 
is  the  channel  through  whom  applica¬ 
tion  techniques  must  flow,  the  full 
benefits  of  wood  and  glue  technology 
are  not  always  realized. 

As  a  general  procedure  to  improve 
this  situation,  we  suggest  a  determined 
and  widespread  effort  to  translate  the 
technical  information  into  plant  terms, 
to  separate  the  academic  from  the 
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ager  of  adhesives  development,  Bakelite 
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directly  useful  and  to  place  special 
emphasis  on  the  education  of  produc¬ 
tion  personnel.  Consistent  with  this 
program  is  the  encouragement  of  all 
concerned  to  deal  directly  and  quanti¬ 
tatively  in  labor,  material,  and  equip¬ 
ment  costs  without  which  the  score 
cannot  be  kept. 

As  we  begin  to  focus  our  attention 
on  the  operation  of  the  glue  room  we 
find  there  are  considerations  other 
than  technical  which  determine  its 
successful  operation.  In  particular,  we 
wish  to  emphasize  the  requirements  of 
vigilance,  resourcefulness,  and  bal¬ 
ance.  Good  gluing  is  obtained  at  the 
price  of  constant  vigilance.  A  simple 
mistake  such  as  omission  of  the  cata¬ 
lyst  can  cost  thousands  of  dollars. 
Hesitation  in  recognizing  trouble  in  its 
early  stage  can  compound  an  error 
into  plant  wide  panic.  Passing  of 
poorly  glued  stock  can  ruin  the  com¬ 
pany’s  hardwon  reputation.  Resource¬ 
fulness  must  overcome  lack  of  uni¬ 
formity  in  the  wood  or  perfection  in 
the  equipment.  Insistence  on  exact 
moisture  content  or  dimension  can 
stop  production.  Schedules  must  be 
met  by  constant  practical  compromise. 
Proper  balance  must  be  maintained 
between  one  procedure  and  another. 
The  convenient,  easy  way  may  be  the 
expensive  way.  While  a  heavier  spread 
may  solve  the  problems  of  delay  in 
assembly,  its  cost  should  be  balanced 
against  some  other  method  such  as 
adding  a  man  and  saving  the  glue. 
The  costs  of  delay  may  have  to  be 
balanced  against  the  wrinkles  in  ,the 
faces,  or  the  increased  cost  of  spread 
against  the  variation  in  moisture  con¬ 
tent.  But  in  each  case  judgment  must 
be  exercised.  It  is  not  enough  to 
simply  follow  the  most  obvious  way 


without  regard  for  costs  and  con-.- 
quences. 

One  of  the  most  difficult  problc  ;s 
to  handle  in  the  glue  room  is  o 
anticipate  the  effect  of  compou'd 
variables.  For  instance  in  cold  prc  ,- 
ing,  a  slow  mix  might  ordinarily  i)e 
satisfactory  but  if  the  veneers  are  cold 
and  dry  and  the  mix  slow,  trouble  is 
likely  to  ensue.  A  thin  mix  may  ilo 
well  on  birch  but  when  applied  lo 
rough  basswood  and,  in  addition,  sub¬ 
jected  to  delay  in  assembly,  it  will 
cause  dry  bonds.  In  hot  pressing,  a 
thin  spread  of  fast  glue  with  fast 
assembly  on  one-sixteenth  inch  faics 
is  very  satisfactory,  but  a  change  to 
one-twenty-eighth  faces  compounded 
by  a  hold  up  in  assembly  can  cost  the 
press  load  of  panels. 

It  goes  without  saying  that  the 
supervisory  personnel  in  the  glue 
room  should  be  cost  conscious,  should 
know  the  value  of  the  materials  they 
handle,  and  have  some  idea  what 
errors  or  negligence  may  cost. 

A  never  ending  problem  in  the 
glue  room,  as  in  other  departments, 
is  the  extent  of  authority  and  responsi¬ 
bility.  Too  much  supervision  destroys 
initiative  and  too  little  allows  runa¬ 
way  costs,  yet  both  circumstances  can 
frequently  be  found.  We  favor  selec¬ 
tion  of  supervisory  personnel  on  the 
basis  of  competence,  full  training  in 
their  jobs  and  the  maximum  reasona¬ 
ble  authority.  Proper  and  live  records 
should  serve  as  the  index  of  perform¬ 
ance.  Under  this  system  the  foreman 
would  be  given  the  type  of  glue  and 
the  range  of  extension,  if  any,  hut 
allowed  to  vary  his  formula  withm 
the  range  to  suit  his  daily  conditions. 
He  might  want  to  vary  the  water  con¬ 
tent,  the  amount  of  catalyst  and  he 
proportion  of  walnut  shell  flour  to 
suit  his  cycle  or  his  veneers. 

The  controls  that  are  necessary  re 
best  applied  at  close  range.  By  ca  n- 
trols  we  establish  limits  beyond  wli  h 
the  gluing  should  not  be  done  with¬ 
out  either  correction  or  compensation. 
Recommendations  for  the  application 
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of  controls  often  omit  balancing  their 
ci'st  against  their  value.  It  is  easy  to 
s  .y  that  the  moisture  content  of  ve¬ 
neers  should  lie  between  8  and  10 
and  quite  another  thing  to  bring  the 
stock  to  that  range.  Difficult  controls 
are  very  discouraging  to  production. 

7  ne  phenolic  film  glue  under  ideal 
conditions  produces  excellent  results 
but  its  use  is  limited  because  so  few 
people  are  willing  or  able  to  work 
within  the  narrow  range  of  limits  re¬ 
quired.  Melamine  resins,  on  the  other 
h  ind,  might  be  theoretically  less  dura- 
bie  but  the  actual  bonds  are  uniformly 
high  because  of  the  glues  adaptability 
to  plant  conditions  and  the  much 
vider  range  under  which  satisfactory 
bonds  can  be  obtained. 

Considering,  then,  the  cost  of  con¬ 
trols  as  well  as  their  importance,  we 
suggest  the  following  as  a  guide  for 
cold  press  bonding  of  panels  with 
urea  resins;  (1)  Minimum  tempera¬ 
ture  of  70°  F.  in  glue  room  and  ve¬ 
neers.  Heating  is  much  cheaper  than 
poor  bonding.  Cold  drafts  along  the 
floor  can  be  corrected.  Veneers,  if 
taken  out  of  a  cold  storage  area  or 
freight  cars  should  be  held  in  a  warm 
room  (but  not  hot)  or  passed  quickly 
through  a  low  temperature  dryer.  (2) 
Maximum  temperature  of  100°  F.  for 
veneers  including  proviso  that  warm 
veneers  are  specially  handled  for  fast 
assembly.  The  upper  limit  in  the  glue 
room  will  be  set  by  personnel  rather 
than  gluing  requirements.  (3)  Maxi¬ 
mum  limit  of  10%  moisture  content 
on  veneers  unless  some  other  limit  is 
positively  necessary.  Veneers  below 
6%  will  require  careful  attention  in 
glue  formula,  spread,  and  assembly. 
(4)  Three-hour  pot  life  on  glue  ob¬ 
tained  by  adjustment  with  catalysts 
to  variations  in  conditions.  (5)  Glue 
mixed  in  batches  of  a  size  to  be  used 
up  in  30  to  40  minutes.  (6)  Glue 
spread  range  45  to  50  pounds  per 
'  thousand  feet  of  single  glue  line 
raised  5  pounds  for  occasional  batch 
of  dry  veneers.  (7)  Upper  limit  of 
1  12  minutes  on  assembly  time,  no  lower 

limit.  (8)  Relative  humidity  in  winter 
raised  to  40%,  no  control  in  summer. 
(9)  Press  at  220  p.s.i.  except  for 
very  soft  wood.  (10)  No  definite 
limit  on  glue  temperature  but  keep 
on  cold  side.  Use  cold  mixing  water. 
I  (Water  standing  in  pipes  overnight 
should  be  run  out  as  it  may  be  warm.) 
(11)  Spreader  crew  must  be  alert  for 
j  variations  in  veneer  thickness  which 
their  experience  has  shown  are  not 
allowable.  (12)  Bales  kept  under 
pn  ssure  for  6  hours  minimum  in 
warming  room  at  100-110°  F.  Unit 
he  icr  should  be  used  to  prevent  cold 
air  stratifying  at  lower  levels.  (13) 
Clu.k  on  bonding  by  frequent  exami- 
nat  on  of  trim  and  occasional  panel. 
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Wood  failure  should  be  adequate 
immediately  after  breakdown  of  bales. 

The  hot  pressing  equivalent  of  this 
procedure  would  place  special  em¬ 
phasis  on  fast  glues,  short  assembly 
time,  moderately  thin  and  uniform 
spread,  short  press  time  and  press 
temperature  of  240-245°  F. 

Controls  and  records  are  often  re¬ 
sented  when  first  introduced  but  be¬ 
come  a  right  hand  when  established. 
In  one  case,  weighing  the  spread  was 
initially  regarded  as  a  nuisance  and 
unnecessary  on  the  supposition  the 
operator  could  gage  with  his  finger 
the  right  amount.  It  was  found,  how¬ 
ever,  that  the  spread  varied  from  36 
to  69  pounds  on  this  basis  and  various 
troubles  including  dry  bonds  and 
bleeding  through  the  faces  resulted. 
These  were  eliminated  by  holding  the 
spread  between  48  and  52  pounds 
weighed  several  times  a  day. 

So  much  has  been  said  over  the 
years  about  assembly  time  that  we 
hesitate  to  mention  the  subject.  How¬ 
ever,  control  of  assembly  time  is  the 
key  to  good,  efficient,  and  economi¬ 
cal  gluing  so  can  hardly  be  over¬ 
emphasized.  There  are  still  those  who 
try  to  compensate  for  overlong  assem¬ 
bly  in  cold  pressing  by  piling  on  the 
glue.  For  joint  gluing  this  method 
may  be  helpful  and  not  too  costly,  but 
for  panel  work  the  cost  is  inexcusable 
and  the  results  unsatisfactory.  It  is  far 
less  expensive  to  take  the  steps  neces¬ 
sary  to  hold  down  the  assemoly  time. 
The  measures  might  include  building 
smaller  bales,  adding  blocking,  speed¬ 
ing  up  the  spreader,  shifting  or  add¬ 
ing  to  the  spreader  crew,  or  if  high 
production  is  needed,  feeding  one 
press  with  two  spreaders. 

We  observed  a  panel  operation 
normally  requiring  a  45-50  pound 
spread  where  60  were  being  applied 
to  allow  for  erratic  assembly  time.  By 
holding  to  a  twelve  minute  assembly, 
the  extra  10  pounds  were  saved  and 
better  panels  produced.  The  only  in¬ 
vestment  was  an  alarm  bell  which 
was  paid  for  every  hour. 

Weighing  Spread  Saves 

Weighing  the  spread  is  about  the 
easiest  way  to  save  money  in  making 
plywood.  It  is  regrettable  that  the 
practice  is  not  universal.  It  is  most 
likely  to  be  done  regularly  when  made 
easy.  The  easiest  method  we  know  is 
to  eliminate  calculation  by  using  the 
proper  size  sample — 318  sq.  inches. 
The  sample  should  be  veneer  of  the 
same  character  as  being  spread  and 
about  the  width  across  the  spreader. 
A  good  size  is  26"  long  by 
wide  fed  cross  grain  through  the 
machine.  The  sample  is  weighed  on  a 


gram  scale  before  and  after  spreading. 
The  difference  is  pounds  per  thousand 
square  feet,  single  or  double  as 
spread.  The  gram  scale  can  be  ob¬ 
tained  through  office  supply  houses 
who  order  it  from  the  catalogue. 

Most  recommendations  for  moisture 
content  of  veneers  are  too  narrow  for 
normal  production.  Fortunately  good 
bonds  can  be  and  are  obtained  below 
the  6%  minimum  frequently  specified. 
Heavier  spreads,  short  assembly,  and 
fast  setting  glues  compensate  for 
moisture  content  lower  than  the  pre¬ 
ferred  minimum.  Although  raising  the 
moisture  content  is  considered  clumsy 
and  is  mostly  avoided,  drying  moist 
veneers  is  a  more  familiar  procedure 
and  a  maximum  of  10%  not  too  diffi¬ 
cult  to  handle. 

Controlling  Pot  Life 

We  believe  that  in  many  gluing 
operations,  pot  life  control  does  not 
get  the  attention  it  deserves.  In  cold 
pressing,  and  particularly  where  the 
clamping  time  is  short,  the  pot  life 
should  be  constantly  checked  and  if 
necessary,  adjusted.  The  resin  manu¬ 
facturers  supply  catalysts  of  different 
speeds  or  recommend  varying  propor¬ 
tions  to  control  the  pot  life  of  the 
glue  mix.  But  with  apologies  to  the 
resin  suppliers,  we  suggest  that  the 
plants  using  important  quantities  of 
urea  resin  buy  their  catalyst  raw  mate¬ 
rials  in  the  form  of  bulk  chemicals  as 
is  done  in  the  paper  industry  where 
similar  resins  are  consumed  in  large 
quantities.  This  suggestion  is  based 
not  only  on  the  cost  advantages  which 
are  appreciable,  but  on  the  benefits  of 
simplicity  in  inventory  and  better 
glue  control  once  the  formulas  are 
established. 

A  simple  and  .easily  handled  cata¬ 
lyst  or  hardener  system  comprises 
three  easily  available  and  inexpensive 
chemicals,  ammonium  chloride,  mono¬ 
ammonium  phosphate  and  concen¬ 
trated  ammonia.  The  chloride  serves 
for  most  common  formulas,  the  am¬ 
monia  acts  as  a  retarder  and  the  mono¬ 
ammonium  phosphate  as  an  accelerator 
or  by  itself  as  a  fast  catalyst.  These 
chemicals  can  be  used  singly  or  in 
combination  in  both  hot  and  cold 
pressing,  and  with  all  straight  urea 
resins  with  which  we  are  familiar.  In 
a  typical  cold  press  plywood  applica¬ 
tion  the  system  works  like  this:  For 
a  normal  temperature  low  extension 
formula  with  low  solids  resin,  two 
pounds  of  ammonium  chloride  per 
100  of  resin  are  used.  In  the  last 
batch  before  noon  hour  the  glue  mixer 
drops  in  one  half  pint  of  ammonia  to 
keep  the  glue  from  setting  on  the 
rolls.  When  the  room  temperature 
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rises  he  lowers  the  chloride  to  one 
and  one  half  parts  or  if  extremely  hot 
adds  a  little  ammonia.  When  the  glue 
room  and  the  stock  are  liable  to  be 
cool  he  replaces  part  or  all  of  the 
chloride  with  the  mono-ammonium 
phosphate.  He  thus  manipulates  the 
formula  to  maintain  a  3  to  3V2 
pot  life  except  during  the  noon  hour 
when  a  little  more  time  is  needed. 
Representatives  of  the  resin  suppliers 
are  usually  willing  and  able  to  help 
establish  this  system  and  small  scale 
trials  will  develop  sufficient  familiarity 
to  allow  production  runs.  Better  pot 
life  control  insures  definite  clamping 
time  and  maintenance  of  schedules  as 
well  as  better  bonds. 

Catalysts  for  special  purposes  are 
not  included  in  our  recommendations. 

Best  assurance  that  the  catalyst  has 
been  added  and  in  the  desired  amount 
is  obtained  as  follows:  Weigh  the 
catalyst  for  several  batches  or  perhaps 
the  days  run  into  paper  cartons.  Then 
to  each  carton  add  a  small  pinch  of 
water  soluble  dye  such  as  malachite 
green.  Preweighing  the  catalyst  allows 
the  foreman  to  check  the  weight  and 
the  dye  lets  the  spreader  crew  know 
the  catalyst  is  in  the  mix.  Just  before 
the  catalyst  is  added  to  the  batch  it 
should  be  dissolved  in  part  of  the 
formula  water. 

Testing 

Extended  experience  on  many  test 
methods  has  led  us  to  the  opinion 
that  there  is  no  substitute  for  prompt, 
frequent  examination  of  the  panel 
trim  and  occasional  panels  made 
immediately  after  releasing  the  bale 
from  the  retainers.  It  is  necessary  that 
any  irregularities  be  observed  while 
their  causes  are  still  traceable  so  they 
can  be  analyzed  accurately  and  cor¬ 
rected  with  no  delay.  Admittedly  a 
numerical  index  of  quality  would  be 
very  desirable  but  for  production  con¬ 
trol  we  feel  the  small  increase  in 
measurability  gained  by  shear  strength 
and  cycle  tests  is  not  worth  the  lapse 
of  time.  With  high  wood  failure,  the 
glue  formula  and  the  procedure 
should  determine  the  further  nature 
of  the  bond.  We  find  also  that  reli¬ 
ance  on  improvement  of  the  bond 
after  "maturing”  is  a  questionable 
practice  with  urea  resins,  as  weak 
initial  bonds  may  or  may  not  improve. 
High  wood  failure  immediately  after 
pressing  is  a  bird  in  the  hand;  a  test 
necessitating  delay  is  a  bird  in  the 
bush. 

We  may  speculate  on  the  direct 
tangible  benefits  to  be  gained  by  exer¬ 
cising  proper  control  over  the  most 
important  elements  we  have  discussed 
by  comparing  the  plywood  gluing 


operations  of  two  imaginary  competi¬ 
tive  manufacturers,  the  Hypothetical 
Plywood  Co.  and  the  Parenthetical 
Plywood  Co.  The  Hypothetical  Ply¬ 
wood  Co.  has  a  daily  schedule  of 
100,000  sq.  ft.  of  3/16  three  jply 
hardwood  plywood  comprising  five 
thousand  panels  of  twenty  sq.  ft. 
each.  In  a  well  intentioned  move  for 
economy,  the  spreader  and  press 
crews  are  held  a  bit  short  and  large 
bales  of  180  panels  each  are  built  up. 
The  assembly  time  is  long  and  erratic, 
averaging  18  minutes,  especially  long 
if  a  crew  member  is  absent  for  a 
while.  A  heavy  variable  spread  aver- 
aging  56  lbs.  per  thousand  single  is 
applied  (but  not  measured)  to  com¬ 
pensate  for  the  long  assembly  time. 
A  liquid  resin  of  60%  solids  is  used 
with  an  extension  of  30  parts  of  flour. 
The  mix  is  richer  than  used  elsewhere 
but  set  up  on  a  defensive  basis  against 
non-uniform  results.  The  standard 
proprietary  catalyst  is  added  at  the 
rate  of  4  parts  per  100  of  resin  with¬ 
out  special  effort  to  control  the  pot 
life.  Clamping  time  is,  of  course,  ex¬ 
tended  on  cold  days.  Cold  veneers 
from  the  unheated  storage  shed  are 
run  occasionally.  Split  crossbands  are 
run  through  the  spreader  and  those 
in  fair  condition  fitted  into  the  lay-up, 
but  about  thirty  each  day  at  a  dollar 
a  piece  are  discarded  after  spreading. 
Bonds  are  checked  only  casually, 
mainly  after  trouble  has  developed. 

Production  is  somewhat  erratic  but 
a  large  inventory  of  panels  disguises 
the  daily  variations  in  output.  Rejects, 
returns,  degrade  and  cutdowns  average 
2%  of  value  although  a  full  record  is 
not  kept.  Everyone  in  the  department 
is  busy  in  straight  production  and  no- 
one  is  delegated  to  check  the  elements 
of  control. 

The  overall  results  do  not  seem  too 
bad  as  long  as  major  crises  are  infre¬ 
quent.  General  management  is  famil¬ 
iar  with  labor  costs  and  they  do  not 
seem  to  be  out  of  line.  It  is  less 
familiar  with  other  costs  and  they 
are  given  only  perfunctory  attention. 
Lacking  confidence  and  the  ability  to 
anticipate  the  possibilities  of  improve¬ 
ment,  management  prefers  to  leave 
the  status  quo  undisturbed  rather  than 


Production,  per  day  average _ 

Average  panel  size,  sq.  ft _ 

Production  labor — spreading  and  pressing  crew.  . 

Assistant  to  foreman _ 

Cost  of  labor  per  day _ 

Number  of  bales  per  day _ 

Assembly  time — average _ 

Assembly  time — maximum _ 

Flour  extension  (60%  urea  resin) _ 

Glue  spread _ 

Glue  cost  per  lb.  wet  mix _ 

Glue  urea  per  day,  wet  mix _ 

Glue  cost  per  thousand  sq.  ft.  single  spread _ 

Total  glue  cost  per  day _ 

Catalyst _ 

Catalyst  cost  per  100  lbs.  of  resin . . 

Catalyst  coot  per  day _ 

Coot  of  discarding  spread  cross  banding _ 

Cost  of  returns,  rejects,  degrade,  cut  downs _ 


take  what  it  believes  to  be  the  risks  of 
change. 

Now  the  Parenthetical  Plywood  Co. 
makes  a  similar  product  in  the  same 
amount  from  equivalent  raw  materials. 
But  its  operation  has  been  improved 
now  and  then  by  paying  closer  atten¬ 
tion  to  the  fundamentals  of  resin 
gluing.  Assembly  is  held  to  a  twelve- 
minute  maximum  by  pressing  only 
100  panels  in  a  bale  and  by  havim- 
an  extra  man  who  takes  the  place  oi 
a  missing  crew  member  and  who 
otherwise  helps  with  retainer  clamp.^ 
and  brings  the  veneers  to  the  lay-up 
The  crew  is  well  trained,  workin.. 
with  a  swing  and  impressed  with  th. 
importance  of  maintaining  production 
The  catalyst  is  adjusted  with  buli 
chemicals  to  hold  a  uniform  thre 
hour  pot  life  and  the  bales  are  rt 
tained  in  a  warming  room  for  si 
hours  at  105°  F.  An  assistant  to  th 
foreman  measures  the  spread  fre 
quently  holding  it  at  44  to  48  lbs., 
looks  over  the  veneer  loads  for  splits, 
warp,  culls,  thickness  size  and  mois 
ture  content.  He  also  keeps  an  eye  on 
the  assembly  time,  the  gage  pressure , 
the  temperature  and  circulation  of  th ' 
warming  room,  and  works  with  th  • 
glue  mixer  to  adjust  the  catalyst.  Hl- 
inspects  the  trim  of  every  bale  and 
occasionally  rips  open  a  panel  to 
examine  the  bond.  He  informs  the 
foreman  of  irregularities  in  stock  or 
conditions  which  require  special  han¬ 
dling.  The  rolls  are  regrooved  as  often 
as  necessary  to  control  the  spread 
accurately. 

Because  of  this  close  attention  and 
consequent  uniformity,  the  glue  can 
be  extended  with  50  parts  of  flour 
and  the  desired  quality  maintained. 
Because  of  the  reliability  of  the  pro¬ 
cedure,  the  losses  from  rejects  and 
cutdowns  are  held  down  to  l(r, 
carefully  recorded  and  analyzed  for 
correction. 

Savings  Justify  Careful 
Glue  Control 

To  see  whether  the  extra  effort 
applied  by  the  Parenthetical  Plyw'ood 
Co.  is  worth  while  we  can  comp.ire 
the  indicated  cost  differences. 

(Continued  on  page  214) 


Hypothetical  Plywood 

100 , 000  sq.  ft. 

20  sq.  ft. 

11  men 

"'$12.5 

28 

18  min. 

24  min. 

30  lbs. 

.56  lbs.  per  M 
$.068 
11.200  lbs. 

$3.81 

$762. 

4  lbs.  Proprietary 
$.48 
$32.16 

30  @  $1.  =$30 
2% — $300  per  day 


Parenthetical  Plywood 

100,000  sq.  ft. 

20  sq.  ft. 

12  men 

1  man 
$150 

50 

10  min. 

12  min. 

50  lbs. 

46  lbs.  per  M 
$.059 
9.000  lbs. 

$2.72 

$543. 

2  lbs.  Ammon.  Chlo'  de 
$.14 

$9.40 

6  @  $1.  =$6 

1% — $150  per  day 
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Glueing  of  preservatively  treated  lumber  promises  to  extend  the 
use  of  wood.  Authors  review  developments,  describe  current  uses 
and  list  some  tests  and  specification  that  currently  govern  production 
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The  development  of  fully  water¬ 
proof  adhesives  permits  the  use  of 
glued  wood  materials  under  all  con¬ 
ditions  of  service,  although  much  yet 
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remains  to  be  done  in  the  develop¬ 
ment  of  adhesives  to  make  the  process 
of  gluing  for  severe  service  conditions 
more  economical.  There  are  available 
on  the  market  today  adhesives  which 
can  be  used  to  glue  veneers  and  lum¬ 
ber  into  products  for  outdoor  service 
with  definite  assurance  that  the  glue 
will  be  completely  durable.  Although 
the  glue  lines  can  be  expected  to  last 
indefinitely,  the  use  of  wood  in  cer¬ 
tain  structures  is  now  limited  by  its 
inherent  lack  of  resistance  to  decay. 
Some  woods  are  more  durable  than 
others,  but  all  of  the  American  com¬ 
mercially  available  species  will  rot  un¬ 
der  certain  conditions.  In  many  prod¬ 
ucts  this  is  now  the  limiting  factor. 


Laminated  members  in  ship  and 
boat  construction,  bridge  timbers, 
docks,  telephone  poles,  mine  timber, 
are  but  a  few  examples  where  wood, 
whether  it  is  glued  or  not,  is  suscept¬ 
ible  to  severe  decay  hazard.  In  ships 
and  boats  particularly,  the  initial  ex¬ 
pense  of  construction  is  high  and  the 
ultimate  durability  of  the  ships  is  of 
tremendous  importance.  Data  kept  by 
the  Navy  on  various  hulls  constructed 
during  World  War  II  show  that  in 
many  instances  only  7  to  10  years  serv¬ 
ice  life  was  obtained.  The  Navy  would 
like  to  have  their  wooden  ships  last 
thirty  years  or  more.  This  objective 
can  be  attained  only  through  the  use 
of  wood  that  has  been  treated  with  a 
suitable  preservative. 

There  are  two  ways  in  which  a 
glued-up  assembly  can  be  made  toxic 
to  decay  organisms.  The  first  is  to  treat 
with  preservative  after  the  member  has 
been  glued  up;  the  second  is  to  treat 
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Figure  1. — Hull  of  AMS  type  minesweeper  with  steam-bent  white  oak  frames  in  place. 
Pressure  treated  red  oak,  laminated  into  straight  members  which  are  subsequently  steam- 
bent  to  form  the  frames  are  now  being  produced  which  will  substantially  extend  the  life 
expectancy  of  this  type  ship.  (Official  photo  U.  S.  Navy) 
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Figure  2 - Superstructure  of  this  modern  wooden  minesweeper  is  sheathed  with  pressure 

preservative  treated  plywood  to  prolong  the  service  life  and  reduce  maintenance  costs.  All 
plywood  in  the  Navy's  new  ships  ond  boats  is  preservative  treated.  (Official  photo  U.  S.  Navy) 


the  veneer  or  lumber  and  subsequently 
to  glue  the  treated  material  to  desired 
shape  and  size.  Each  method  has  its 
place  and  is  currently  used,  but  the 
problems  involved  are  substantially 
different.  It  is  the  purpose  of  this 
paper  to  point  out  the  procedures 
which  have  proven  to  be  successful 
for  the  two  methods  of  treatment. 

Some  work  has  been  performed  on 
the  gluing  before  and  after  treatment 
with  adhesives  other  than  of  the  syn¬ 
thetic  resin  type.  However,  the  princi¬ 
pal  efforts  in  gluing  of  treated  wood 
were  made  after  the  fully  waterproof 
resins  were  developed,  since  there  was 
little  reason  to  make  glued  wood  re¬ 
sistant  to  decay  if  the  glue  lines  would 
not  withstand  the  service  conditions 
under  which  decay  usually  occurs. 

Mention  is  made  in  ref.  (4)  of  the 
possible  protection  by  suitable  pre¬ 
servative  treatment  of  laminated  tim¬ 
bers  and  the  need  for  further  devel¬ 
opment  of  the  process.  Some  early 
pilot-plant  tests  were  conducted  on 
the  preservative  treating  of  laminated 
Douglas  fir,  southern  pine,  and  white 
oak  (6). 

Preservative  and  fire  retardant  treat¬ 
ments  are  recognized  as  being  appli¬ 
cable  either  before  or  after  gluing,  de¬ 
pending  on  the  compatibility  of  the 
glue  and  various  chemicals  used  (7). 

It  has  been  conclusively  proven  that 
when  thoroughly  cured,  certain  syn¬ 
thetic  resin  adhesives  are  not  damaged 
by  pressure  treating  of  glued  products 
either  with  a  water-borne  or  oil-borne 
preservative.  On  the  basis  of  early 
studies  the  pressure  treatment  of  ply¬ 
wood  and  laminated  structures  of  a 
shape  suitable  for  insertion  into  a 
treating  cylinder  has  become  common 
practice. 

There  are  many  applications  in 
which  glued-up  members  are  used 


where  treatment  after  gluing  is  not 
practical.  This  may  be  due  to  the  eco¬ 
nomics  of  shipping  the  members  to  a 
treating  plant  or  because  the  size  and 
shape  of  the  glued-up  assembly  is  such 
that  it  is  not  practical  to  treat  after 
gluing.  The  development  of  methods 
or  techniques  of  gluing  treated  wood 
was  the  answer  to  the  foregoing  prob¬ 
lem.  Several  laboratories  worked  on 
this  problem  and  from  the  results  of 
this  work  have  evolved  methods  which 
make  the  gluing  of  treated  woods  a 
practical  reality.  Shipbuilders  also  rec¬ 
ognized  early  in  the  development  of 
laminating  the  advantages  of  fire  re¬ 
tardant  treatments  for  fireproofing 
lumber  before  laminating.  The  Puget 
Sound  Naval  Shipyard  explored  this 
field  in  1947  (10). 

Through  the  use  of  preservative- 
treated  wood,  the  available  supply  of 
lumber  for  use  under  extreme  service 
conditions  can  be  greatly  expanded. 
The  natural  durability  of  the  wood 
species  becomes  of  minor  importance 
when  the  wood  is  treated  with  a  suit¬ 
able  preservative.  This  means  that 
species  currently  considered  not  suit¬ 
able  for  severe  service  conditions  will 
become  acceptable.  A  good  example 
of  this  condition  is  in  the  current  Navy 


wood  shipbuilding  program  in  which 
white  oak  is  used  extensively  for  ma¬ 
jor  structural  members.  Through  the 
use  of  preservative-treated  red  oak, 
which  has  practically  the  same  strength 
properties  as  white  oak,  the  available 
lumber  supply  can  be  greatly  ex¬ 
panded.  TTie  use  of  red  oak  would 
potentially  add  about  two  billion  board 
feet  of  lumber  per  year  to  the  ship¬ 
building  program.  Other  species  which 
are  not  currently  used  in  the  ship¬ 
building  program  would  also  be  avail¬ 
able  since,  with  proper  preservati\e 
treatment,  they  will  be  perfectly  ade¬ 
quate  for  this  end  use. 

Development  of  Treating  Procedures 
for  Subsequent  Gluing  of  Wood 

There  are  a  number  of  preservative  s 
which  will  adequately  protect  wood 
from  decay  and  which  are  being  used 
in  commercial  treating  operations.  The 
first  step  in  the  development  of  the 
methods  of  gluing  treated  wood  w.  s 
the  selection  of  the  preservatives  which 
are  compatible  with  currently  ava.l- 
able  adhesives. 

Work  done  in  different  laboratori  s 
as  well  as  practical  experience  by  usc's 
and  recommendations  by  the  wood 
treating  industry  (12)  resulted  in  thie 
selection  of  preservatives  and  reten¬ 
tions  for  use  in  marine  laminated 
structures  as  shown  in  Table  1. 

While  the  data  shown  in  Table  1 
refer  specifically  to  oak,  Douglas  lir 
and  mahogany  plywood,  there  is  no 
reason  why  identical  retentions  for 
other  treatable  species  could  not  be 
adapted  for  use  ixjth  in  marine  con¬ 
struction  and  for  exterior  use.  Where 
the  glued  members  are  to  be  exposed 
to  direct  contact  with  the  ground, 
higher  preservative  retentions  may  be 
necessary.  Research  is  also  under  way 
in  the  treating  of  veneers  prior  to 
gluing.  It  should  be  emphasized  that 
the  retentions  shown  in  Table  1  for 
protection  against  marine  borers  are 
intended  for  use  on  high  speed  hulls 
which  receive  periodic  applications  of 
anti-fouling  paints.  They  should  not 
be  used  for  shore  installations  and 
similar  uses. 


Table  1— PRESERVATIVES  AND  RETENTIONS  SPECIFIED  FOR  PROTECTION  OF  LUMBER  (2)  AND 
PLYWOOD  (3)  FROM  DECAY  AND  MARINE  BORERS  FOR  MARINE  SERVICE 


Preservative 


Protection 
of  lumber 
from  decay 


Protection 
of  plywood 
from  decay 


Minimum  net 
retentions  and 
concentrations 
Lbs.  per  cu.  ft. 

Acid  copper  chromate  (Celcure) .  0.75 

Ammonical  copper  arsenite  (Chemonite) _  0.45 

Chromated  zinc  chloride  (CZC) _  1.15 

Copper  naphthenate _  6.00  (2.0% 

metalic  copper 
by  weight) 

Pentachlorophenol _  6.00  (5.0% 

solution) 

Tanalith  (Wolman  salts) _  0.55 

Green  salt  (chromated  copper  arsenate) .  . 


Minimum  net 
retentions 
Lbs.  per  cu.  ft. 

0.50 

0.30 

0.75 


0.35 

0.50 


Protection 
of  lumber  fror 
marine  borer? 


Minimum  m 
retentions  am. 
concentration? 
Lbs.  per  cu.  fi 

1.50 

1.50 

lo'oo  (2.U  , 
metalic  copp'  ' 
by  weight) 
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It  will  be  noted  that  some  of  the 
prv-servatives  listed  in  Table  1  are 
w .iter-borne,  while  others  are  oil- 
b  me.  The  physical  and  chemical  char- 
ac  I  eristics  of  the  treated  lumber  as  re- 
la  ed  to  subsequent  gluing  depend  on 
tiii.  type  of  preservative  used. 

Experience  to  date  has  shown  that, 
ii!  order  to  glue  wood  satisfactorily, 
it>  moisture  content  should  be  below 
2.  percent,  although  current  develop- 
mmt  work  indicates  that  wood  at  a 
nioisture  content  above  20  percent  may 
b.  successfully  glued.  Because  of  the 
current  20  percent  requirement,  lum¬ 
ber  treated  with  a  water-borne  pre¬ 
servative  must  be  re-dried  to  a  uni¬ 
form  acceptable  moisture  content  be¬ 
fore  it  can  be  glued.  Either  air-drying 
or  kiln-drying  can  be  used,  depending 
on  the  available  time  between  gluing 
and  treating.  Once  the  moisture  con¬ 
tent  of  the  treated  wood  has  been  re¬ 
duced  to  the  required  level,  the  chem¬ 
ical  retained  in  the  wood  from  the 
common  water-borne  preservatives  does 
not  particularly  interfere  with  the  glu¬ 
ing  operation  (5,  13). 

When  oil-borne  preservatives  are 
used  to  treat  wood  to  be  glued,  no 
.  significant  change  in  the  moisture  con¬ 
tent  of  the  wood  occurs  during  the 
treating  process.  Since  oil-borne  pre- 
sen'atives  can  be  carried  in  various 
grades  of  petroleum  solvents,  it  is  im¬ 
portant  that  a  suitable  grade  be  used. 
During  the  development  of  the  tech¬ 
nique  for  gluing  oil-borne  preserva¬ 
tive  treated  wood  it  was  at  first  con¬ 
sidered  essential  that  as  much  of  the 
carrier  as  possible  be  removed  from 
the  wood  before  gluing  was  attempted. 
Later  work  has  shown  that  this  re¬ 
quirement  was  not  as  critical  as  be¬ 
lieved  earlier;  this  subject  will  be  dis¬ 
cussed  in  more  detail  later. 

Many  of  the  fully  waterproof  ad¬ 
hesives  currently  in  use  for  the  gluing 
of  wood  for  exterior  service  condi¬ 
tions  are  compatible  with  the  chemicals 
used  in  oil-borne  preservatives.  Special 
care,  however,  must  be  exercised  in 
selecting  an  adhesive  which  has  been 
evaluated  for  this  purpose.  Both  lab¬ 
oratory  and  production  experience  has 
shown  that  certain  formulations  of 
fully  waterproof  glues  which  are  ex¬ 
cellent  for  the  gluing  of  untreated 
wood  do  not  give  good  results  when 
us  d  on  treated  wood. 

All  the  tests  reported  in  this  paper 
irt  based  on  the  pressure  impregna¬ 
tin'  of  the  wood  with  preservative. 
Gcierally  speaking,  this  is  the  safest 
rri,  hod  for  the  application  of  pre- 
ser  :tives  for  all  types  of  structures 
p-  ^ularly  parts  of  wooden  ships 
''1  h  are  subjected  to  framing  opera¬ 
tic  following  the  treatment.  Cut  sur- 
fa  .  however,  should  be  liberally 
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built  by  the  lumber  industry  for  the  Ordnance  Department  out  of  pressure  treated  gum  and 
oak.  Every  glue  joint  is  made  with  a  fully  waterproof  resorcinol  adhesive. 


brush  coated  with  preservative  after 
framing  has  been  completed.  Thus,  un¬ 
der  some  conditions,  non-pressure 
treatment  may  be  recommended. 

Bundle  Dipping 

Recent  experiments  have  indicated 
phenomenal  penetrations  of  oil-borne 
preservatives  in  some  of  the  easily 
treated  woods.  These  studies  have  been 
made  by  bundle  dipping  in  the  pre¬ 
servatives  for  periods  of  up  to  ten 
minutes.  Although  practically  100  per¬ 
cent  penetration  throughout  the  bun¬ 
dle  and  throughout  all  the  wood  in 
the  bundle  was  obtained  in  these  ex¬ 
periments  the  amount  of  preservative 
picked  up  by  the  wood  was  consider¬ 
ably  less  than  the  amounts  normally 
recommended  for  uses  where  severe 
decay  and  marine  borer  hazards  exist. 
No  recommendation  for  the  use  of 
such  dip  treatments  have  been  made 
beyond  the  fact  that  they  appear  to  be 
suitable  for  lumber  that  is  to  be  bulk- 
piled  and  stored  before  use. 

Preparation  of  Surface  of  Treated 
Wood  for  Gluing 

In  the  commercial  methods  of  treat¬ 
ing  wood,  particularly  the  refractory 
species,  the  greatest  concentration  of 
preserv'ative  is  usually  located  at  or 
near  the  surface  of  the  board.  Because 
of  this  condition,  it  is  important  to 
keep  the  amount  of  surfacing  to  a 
minimum  after  treatment.  It  is  desir¬ 
able,  therefore,  in  order  to  achieve 
maximum  protection  from  decay,  to 
treat  rough-surfaced  lumber  and  to 


allow  just  enough  additional  thickness 
of  wood  so  that  finish-planing  neces¬ 
sary  to  produce  good  gluing  surfaces 
can  be  accomplished  after  treatment. 

As  in  the  surfacing  of  untreated 
wood,  high  standards  of  accuracy  are 
required  for  the  surface  preparation 
of  preservative  treated  woods  for  glu¬ 
ing.  For  example,  it  is  required  that 
tolerarices  of  plus  or  minus  0.005  inch 
be  the  maximum  allowed  in  the  prep¬ 
aration  of  material  for  ship  timber 
lamination.  Some  commercial  practice 
allows  a  somewhat  larger  tolerance. 
Whatever  the  specifications  require, 
however,  the  smaller  the  deviations  in 
thickness  of  the  individual  lamina¬ 
tions,  the  better  will  be  the  gluing  job. 

In  laboratory  as’  well  as  commercial 
studies  preservative  treated  wood  has 
been  adequately  surfaced  without  no¬ 
ticeable  dulling  effects  on  the  knives 
of  the  planer  or  jointer.  Of  course, 
it  is  necessary  to  periodically  clean  the 
machines  to  remove  preservative  mate¬ 
rials  which  may  accumulate.  No 
studies  have  been  made  to  dc*termine 
whether  knife  changes  will  produce 
superior  results.  Current  practice  indi¬ 
cates,  however,  that  entirely  satisfac¬ 
tory  surfacc-s  are  prepared  with  con¬ 
ventional  knife  settings  in  planers  and 
jointers. 

One  of  the  most  important  prob¬ 
lems  in  the  development  of  techniques 
for  the  gluing  of  treated  wood  was 
defining  the  time  limits  between  sur¬ 
facing  and  gluing.  Federal  specifica¬ 
tion  MIL-W-17445  (2)  for  the  glu¬ 
ing  of  prc'ssure-treated  oak  for  marine 
use  stipulates  the  following: 
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Table  2 — RESULTS  (5)  OF  BLOCK  SHEAR  TESTS  OF  RED  OAK  TREATED  WITH  PENTACHLORO- 
PHENOL  AND  GLUED  WITH  ONE  PHENOL-RESORCINOL  ADHESIVE  AFTER 
VARIOUS  PERIODS  OF  TIME  AFTER  SURFACING^ 


Period  between  2  preservative 

Time  between*  final 

Preservative 

Maximum 

Wood 

treatment  and  surfacing 

surfacing  and  gluing 

retention 

shear  stress 

failure 

Lbs.  per  cu.  ft. 

PSI 

Per  cent 

1  day.. . . . . . . 

15  minutes 

6.4 

2705 

64 

1  day . . . . 

4  hours 

6.7 

2756 

82 

1  day . . . 

4  hours 

9.9 

2769 

77 

1  day _ 

15  minutes 

13.9 

2702 

89 

1  day _ 

4  hours 

15.7 

2210 

93 

5  days _ 

10  minutes^ 

16.9 

1845 

100 

7  days . . . 

2  minutes 

15.2 

1943 

92 

9  days _ 

30  minutes 

10.5 

1996 

98 

7  days . . . . 

1  hour 

14.5 

2152 

100 

31  days _ 

3  days 

20.4 

1964 

100 

30  days _ 

Not  surfaced  after  treatment 

21.3 

2034 

95 

■The  glues  were  cured  at  150° 

F  at  the  glue  line  for  10  hours. 

■■Boards  were  stickered  during  period  between  preservative  treatment  and 

surfacing. 

^Boards  were  stickered  during  period  between  surfacing  and  gluing. 

^Tnese  billets  were  surfaced  10  minutes  before  gluing  and  wiped  with  a  rag  about  2  minutes  before  gluing. 

"The  final  surfaces  for  gluing  shall 
be  prepared  not  more  than  24  hours 
before  gluing  is  started  where  water¬ 
borne  preservatives  are  used  and  not 
more  than  8  hours  before  gluing  where 
oil-borne  preservatives  are  used”. 

The  foregoing  limits  have  proven  to 
be  practicable  for  production  gluing. 
The  principal  reason  for  the  lesser  time 
permitted  between  surfacing  and  glu¬ 
ing  of  wood  treated  with  oil-borne 
preservatives  is  the  tendency  of  the 
solvent  to  migrate  to  the  surface,  and 
thus  a  greater  contamination  of  the 
wood  surface  to  be  glued  is  possible. 
There  also  exists  a  possibility  that  oil 
migrating  to  the  surface  may  interfere 
with  bonding.  Results  of  exploratory 
work  on  this  problem  indicate,  how¬ 
ever,  that  the  presence  of  oil  within 
certain  limits  on  the  surface  to  be 
glued  may  not  be  as  serious  as  it  was 
first  thought. 

To  study  some  of  the  variables  in 
time  permitted  between  treating,  sur¬ 
facing,  and  gluing  and  the  effects  of 
different  retentions  of  preservatives,  a 
series  of  block  shear  tests  on  penta- 
chlorophenol-treated  and  subsequently 
glued  red  oak  were  performed.  These 
results,  shown  in  Table  2,  are  appli¬ 
cable  only  under  conditions  indicated; 
other  adhesives  and  curing  conditions 
may  produce  less  satisfactory  results. 


Curing  of  Glue  in  Treated 
Wood  Assemblies 

As  in  the  gluing  of  untreated  wood, 
the  selection  of  an  adhesive  and  a  cur¬ 
ing  temperature  to  be  used  with  treated 
wood  is  dependent  to  a  large  extent 
on  the  service  conditions  under  which 
the  end  product  will  be  used.  Under 
severe  service  conditions,  the  principal 
cause  of  delamination  stems  from 
shrinkage  and  swelling  stresses  ex¬ 
erted  by  adjoining  layers  of  wood  on 
the  glue  lines.  The  amount  of  these 
stresses  is  dependent  upon  the  range 
in  moisture  content  in  the  adjoining 
layers  of  wood,  the  density  of  the 
wood,  and  the  thickness  of  the  indi¬ 
vidual  wood  layers.  It  is  assumed,  of 
course,  that  an  adhesive  is  selected 
which  produces  a  desirable  waterproof 
bond. 

In  the  initial  development  of  tech¬ 
niques  for  the  gluing  of  wood  treated 
with  the  preservatives  listed  in  Table 
1,  it  was  considered  necessary  to  use 
curing  temperatures  higher  than  those 
recommended  for  untreated  wood. 
Subsequent  research  revealed  that  this 
limitation  was  not  essential  for  the 
particular  brands  of  water-proof  ad¬ 
hesives  used  and  that  while  slightly 
greater  percentages  of  delamination 
were  obtained  with  treated  wood  than 
with  untreated  wood  when  glued  un¬ 


der  identical  conditions,  the  resulting 
joints  were  satisfactory  in  all  respects 
as  defined  by  the  current  military 
specification. 

While  the  whole  range  of  time- 
temperature  schedules  suitable  for  tlie 
gluing  of  treated  wood  has  not  yet 
been  completely  investigated,  certain 
schedules  have  been  developed  whi.h 
produce  satisfactory  joints;  these  are 
shown  in  Table  3. 

Low  Health  Hazard  to  Humans 

Safety  to  humans  in  handling  pre¬ 
servative  treated  timber  as  well  is 
working  near  treated  wood  is  partiia- 
larly  important  with  ships  and  otl  er 
structures  in  which  personnel  work  ar 
live.  Very  few  actual  tests  have  e\er 
been  made  to  determine  the  influei  re 
of  preservatives  upon  the  health  a 'id 
comfort  of  persons  in  close  and  con¬ 
tinuous  contact  with  the  preservativ.  ly 
treated  wood.  However,  there  are  ma  ly 
practical  instances  which  show  tl  at 
working  near  preservatively  treat  d 
wood  does  not  constitute  a  hazard.  It 
is  reported,  for  example,  that  tiie 
drinking  water  of  some  localities  is 
actually  carried  to  the  city  in  preser\  a- 
tively  treated  wood-stave  pipes  (8) 

Even  preservative  materials  contain¬ 
ing  small  amounts  of  the  toxic  chem¬ 
ical,  arsenic,  have  been  safely  usi  d. 
Large  quantities  of  compounds  con¬ 
taining  arsenic  have  been  used  in  the 
treatment  of  wood  and  fiber  bo.ird 
with  no  apparent  ill  effects  on  those 
who  have  processed  the  material  or 
those  who  lived  in  structures  made 
from  it. 

Occasionally,  contact  with  preserva¬ 
tives  as  well  as  synthetic  resin  adhe¬ 
sives  will  cause  dermatitis.  Howe\cr, 
there  are  no  records  of  dermatitis  de¬ 
veloping  from  either  properly  cured 
glues  in  the  glue  joint  or  wood  that 
has  been  adequately  seasoned  alter 
treatment  with  a  clean  preservative. 
Furthermore,  freshly  treated  wood,  is 
safely  handled  by  a  great  many  pc*<'ple 
without  serious  discomfort. 

Some  concern  has  been  expre-sed 
about  the  possibilities  of  ill  effects  on 
humans  confined  in  small  spaces  i  >iti- 
pletely  surrounded  by  treated  wt  od. 
It  is  true  that  freshly  treated  v  'od 
under  such  conditions  might  c  use 
some  objectionable  odors  but  it  is  jn- 
likely  that  any  serious  health  ha  ird 
will  be  encountered  in  most  structi  es; 
the  period  of  time  between  trea  mg 
annd  installation  in  structures  w  ere 
treated  wood  is  used  will  usuall  be 
great  enough  to  permit  dissipatio'  of 
those  volatile  parts  of  the  preserv.  ive 
or  carrier  which  might  cause  dis.  'm- 
fort  to  humans.  In  most  instance-  the 
treated  wood  is  painted  over. 
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Table  3 — BLOCK  SHEAR  AND  DELAMINATION  RESULTS  OBTAINED  FROM  TREATED  RED  OAK, 
SOUTHERN  YELLOW  PINE,  AND  DOUGLAS  FIR  GLUED  WITH  A 
PHENOL-RESORCINAL  ADHESIVE^ 


Block  shear  test 


Average 

Maximum 

Wood 

Delami- 

Prf-servative 

Species 

retention 

shear  stress 

failure 

nation 

Lbs.  per  cu.  ft. 

PSI 

Per  cent 

Per  cent 

Tanalith.. _ _ 

. .  Red  oak* 

0.53 

2402 

90 

0.1< 

Celcure _  _ 

-.  Red  oak 

2.09 

2294 

84 

3.6 

Pentachlorophenol _ _ 

.  .  Red  oak 

11.30 

2271 

76 

2.2 

Greensalt . . . 

- .  Red  oak 

2.05 

2041 

89 

2.3 

Copper  naphthenate . . . 

.  .  Red  oak 

10.. 50 

2472 

78 

3.4 

Copperized  chromated  zinc  chloride  . 

-.  Red  oak 

2.45 

2214 

86 

1.9 

Tanalith _ 

-.  So.  yellow  pine* 

0.56 

1833 

79 

1.3 

Celcure _ 

..  So.  yellow  pine 

2.11 

1757 

72 

5.2 

Tanalith _ 

. .  Douglas  fir 

0.60 

1445 

78 

1.3 

Celcure.. . . . . 

..  Douglas  fir 

2.36 

1305 

91 

1.5 

■These  tests  were  performed  for  the  Bureau  of  Ships  at  the  Forest  Products  Laboratory f  14). 

2The  curing  schedule  used  for  the  gluing  of  red  oak  with  all  the  preservatives  shown  was  cured  9  hours 
at  150°  F  at  the  innermost  glue  line. 

3The  curing  schedule  iMed  for  the  gluing  of  southern  yellow  pine  and  Douglas  fir  with  the  preservatives 
listed  was  8  hrs.  at  120°  F  at  the  innermost  glue  line. 

■•These  results  were  obtained  on  the  basis  of  the  12-day  cyclic  delamination  test  as  specified  in  A.S.T.M. 
D-1101-50T. 
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In  some  recent  tests  with  copper 

i.aphthenate  and  pentachlorophenol, 
leep  and  other  animals  were  actually 
Jrenched  with  5  percent  solutions  of 
,  ne  or  the  other  preservative.  Others 
,\'cre  fed  from  troughs  which  had  been 
npregnated  with  the  preservative. 
None  of  the  livestock  studied  in  these 
..sts  showed  any  visible  effects  from 
I  dng  confined  in  treated  structures  or 
( t>taining  their  food  from  treated 
troughs.  Surprisingly,  none  of  the  ani- 
nals  showed  any  visible  affects  from 
t'le  drenching  with  preservative  mate¬ 
rial  (15). 

Future  Developments  in  Gluing 
Treated  Wood 

The  wood  using  industries  will  find 
many  new  uses  for  products  made  pos¬ 
sible  through  gluing  preservatively 
treated  wood.  The  number  of  species 
available  for  uses  where  decay  or  in¬ 
sect  hazards  are  high  is  tremendously 
increased.  The  improved  service  life 
of  wood  under  conditions  of  rapid  de¬ 
terioration  will  enhance  its  utility.  The 
better  service  performance  will  make 
wood  of  greater  interest  to  the  prospec¬ 
tive  customer.  Thus,  wood  is  placed  in 
a  better  competitive  position  for  many 
special  types  of  construction  because 
of  its  longer  life  and  hence  reduced 
annual  cost. 

Only  a  few  specific  uses  are  men¬ 
tioned  here;  all  are  now  in  various 
stages  of  adoption.  The  use  of  pre¬ 
servatively  treated  and  glued  timbers 
is  already  making  headway  in  naval 
vessels  and  is  expected  to  be  a  stimu¬ 
lant  to  the  construction  of  commercial 
wooden  vessels. 

Following  World  War  II,  military 
authorities  were  emphatically  opposed 
to  the  use  of  wood  in  military  truck 
bodies.  One  of  the  reasons  for  this 
objection  was  the  reported  rapid  decay 
of  the  wood.  Now  that  wood  can  be 
treated  and  laminated,  interest  in  all¬ 
wood  truck  bodies  has  been  aroused 
and  three  proto-types  designed  and 
built  by  the  Timber  Engineering  Com¬ 
pany  are  now  being  tested  by  the  Mili¬ 
tary  (11).  Authorities  have  expressed 
amazement  that  no  failures  had  oc¬ 
curred  in  these  bodies  during  the  first 
fc  w  weeks  of  rugged  testing. 

Ooss  ties  are  replaced  at  the  rate  of 
■10-50  million  ties  per  year.  About  half 
01  the  hardwood  ties  are  replaced  be¬ 
cause  of  splitting  and  checking.  Lami¬ 
nated  ties  should  nearly  eliminate  this 
t}t'e  of  failure.  Through  and  through 
tr  atment  made  possible  by  preserving 
b.  ;orc  laminating,  will  assure  railroad 
C'li  .pincers  that  neither  aging  nor  tie 
p'  te  wear  will  expose  untreated  wood 
to  attack  of  fungi. 

I’reservatively  treated  lumber  glued 
u,  into  sizes  12"  x  12"  and  larger  will 
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help  retain  lumber’s  large  market  in 
keel  blocks.  Nearly  150  laminated  keel 
blocks  have  been  in  service  over  a  year. 
All  are  still  in  service;  most  are  still 
in  "excellent”  condition  (1). 

Through  the  development  of  the 
technique  for  gluing  treated  lumber  it 
is  now  possible  to  supply  the  ship¬ 
building  indu';t'y  with  preservative 
treated  laminated  straight  pieces  which 
can  be  subsequently  steam-bent  to  the 
desired  contour.  Small  quantities  of 
such  material  have  already  been  pro¬ 
duced  (5). 

Many  further  improvements  in 
techniques  of  gluing  preservatively 
treated  wood  are  still  needed.  Among 
the  more  important  of  these  proce¬ 
dures  is  the  development  of  ways  to 
reduce  the  loss  of  preservative  when 
the  lumber  is  surfaced  following  treat¬ 
ment.  In  most  processes  of  preserva¬ 
tive  treatment,  a  high  percentage  of 
the  preservative  material  is  near  the 
surface;  thus  when  the  lumber  is  given 
the  needed  surfacing  prior  to  gluing, 
that  preservative  located  in  the  mate¬ 
rial  removed  by  the  surfacer  is  lost. 
Possibly  procedures  for  reducing  the 
concentration  of  preservative  at  the 
surface  can  be  developed  through  im¬ 
proved  impregnation  techniques  or 
perhaps  by  some  process  such  as  the 
solvent  recovery  procedure. 

Through  many  years  of  experience 
and  testing,  the  treating  industry  has 
developed  recommendations  for  the 
amount  of  preservative  required  to 
give  adequate  protection  to  solid  lum¬ 
ber.  This  whole  field  should  be  re¬ 
opened  in  the  case  of  preservatively 
treated  lumber  that  is  glued-up.  Pos¬ 
sibly  the  more  thorough  penetration 
that  is  obtained  by  gluing  treated  wood 
may  permit  decreases  in  the  actual 
amount  of  preservative  in  the  wood. 
On  the  other  hand,  it  could  be  argued 
that  with  the  greater  distribution  of 
the  preservative  throughout  the  built- 
up  piece,  a  larger  amount  of  preserva¬ 
tive  would  be  required.  There  are 
many  authorities  in  the  field  who  be¬ 
lieve  that  penetration  is  more  impor¬ 
tant  than  absorption  except  possibly 
for  marine  borer  exposures.  If  this 
can  be  borne  out  by  tests  of  laminated 
timbers,  the  absorption  rates  can  be 
reduced  slightly  and  still  give  entirely 
satisfactory  performance.  This  should 
be  thoroughly  and  carefully  studied! 

In  the  most  recent  design  of  wooden 
ships,  working  stresses  have  been  used 
that  are  greater  than  current  commer¬ 
cial  standards  (9)  with  the  introduc¬ 
tion  of  preservatives,  eliminating  the 
strength  losses  due  to  decay,  it  is  pos¬ 
sible  that  preservatively  treated  and 
laminated  timbers  of  all  sorts  could  be 
given  higher  working  stresses. 


At  this  time,  the  process  of  gluing 
treated  wood  has  not  been  adequately 
tested  for  all  of  the  water-proof  adhe¬ 
sives  and  all  of  the  wide  variety  of 
commercial  preservatives  available. 
This  is  a  field  that  many  investigators 
should  consider  as  one  worthy  of  their 
efforts  and  offering  the  possibility  of 
fruitful  results. 

The  present  specifications  (2)  re¬ 
quires  that  suppliers  of  glued  treated 
oak  ship  timbers  have  qualification  tests 
made  on  the  basis  of  each  preservative 
treatment  and  each  type  of  adhesive. 

The  influence  of  glue-curing  tem¬ 
peratures  on  preservatives  should  be 
investigated.  Temperatures  used  in 
curing  some  glues  particularly  in  a 
hot  press  are  high  enough  to  cause 
volatilization  of  some  preservative  ma¬ 
terials.  Preservative  manufacturers  and 
glue  producers  alike  should  know  the 
limits  of  both  the  preservatives  and 
the  glues  in  this  respect. 

The  effect  of  steaming  on  the  toxic 
characteristics  of  preservatives  used  in 
laminated  blanks  for  ship  construction 
should  be  studied.  Little  is  known 
about  this  subject  because  of  the  new¬ 
ness  of  the  use  of  preservative  treated 
wood. 

Only  time  will  fully  disclose  the 
true  and  complete  significance  of  this 
recent  development — the  gluing  of 
preservatively  treated  lumber.  It  is  cer¬ 
tain  that  it  will  extend  the  uses  of 
wood  and  will  provide  the  consumer 
with  better  wood  products. 
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Discussion 

Mr.  Selbo  (Forest  Products  Labora¬ 
tory)  :  In  table  I  the  retentions  of 
preservative  is  lower  for  plywood  than 
for  lumber.  What  is  the  reason  for 
this? 

Mr.  McKed/i:  1  am  not  certain  about 
the  reason. 

Mr.  Selbo:  In  table  II,  as  retention 
increases  the  shear  strength  decreases. 
Do  you  have  any  explanation  for  that? 


Mr.  McKean:  High  retentions  may 
affect  strength. 

Mr.  Selbo:  For  what  uses  would  you 
consider  gluing  at  20  percent  moisture 
content  desirable? 

Mr.  McKean:  In  connection  with 
steam  bending  tests  made  at  20  per¬ 
cent;  moisture  content  was  not  found 
as  important  as  range  in  individual 
pieces. 

Mr.  Selbo:  You  do  not  show  any 
results  for  untreated  controls.  Did  you 
include  controls? 

Mr.  McKean:  Major  emphasis  is  to 
conform  to  Navy  specifications  as  end 
control. 

/.  A.  Greenwald  (Cuprinol  Divi¬ 
sion,  Darworth,  Inc.):  Gluing  treated 
lumber  should  increase  uses  for  wood. 

B.  C.  Williams  (Norfolk  Naval 
Shipyard) :  What’s  the  story  on  wood 
truck  bodies? 

Mr.  McKean:  They  are  currently 
undergoing  most  severe  tests  and 
standing  up  well. 

Harold  E.  Worth  (Bureau  of  Ships, 
speaking  for  John  Kuenzel)  :  In  this 
paper,  the  authors  have  summarized 
the  general  development  of  techniques 
for  gluing  treated  wood  and  have  in¬ 
dicated  that  a  large  part  of  the  re¬ 
search  on  these  methods  has  been  spon¬ 
sored  by  the  Navy’s  Bureau  of  Ships. 

It  may  not  be  immediately  apparent 
to  the  reader  just  why,  in  this  age  of 
steel  ships,  the  Navy  should  be  con¬ 
cerned  with  better  means  of  preserving 
wood.  The  reason  is  this:  wooden  ship 
and  boat  building  is  undergoing  a 
renaissance  to  the  tune  of  about  a  bil¬ 
lion  dollars  worth  of  construction. 

In  this  case,  wood  has  not  been  used 
as  a  "last  resort”  substitute,  which  has 
so  often  been  the  case  in  the  past, 
but  has  been  chosen  for  essential  char¬ 
acteristics  which  are  not  offered  by 
other  readily  available  structural  ma¬ 
terials. 

The  sizes  and  grades  of  timber,  for¬ 
merly  used  in  shipbuilding,  are  no 
longer  available  in  quantities  suffi¬ 
cient  for  a  large  construction  program. 
Laminated  construction  has  done  much 
to  eliminate  this  problem,  but  ship  de¬ 
signers  have  still  had  to  rely  on  aecay- 
resistant  woods  and  be  satisfied  with 
something  less  than  the  best  in  ex¬ 
pected  service  life. 

Due  to  the  size  and  shape  of  most 
boat  and  ship  parts,  preservative  treat¬ 
ment  of  the  finished  member  in  a 
pressure  cylinder  is  impractical.  The 
best  treatment  to  date  has  been  the 


brushing  or  soaking  of  members  with 
preservative.  The  Navy  does  not  con¬ 
sider  this  good  enough  to  provide  the 
30-year  service  life  which  it  is  shoot¬ 
ing  for. 

With  this  information  in  mind,  the 
advantages  to  the  Navy  of  gluing 
treated  wood  are  immediately  apparent. 
Ships  would  have  a  longer  life  with 
lower  maintenance  costs;  thoroughly 
preservative  treated  members  of  almost 
unlimited  size  could  be  fabricated;  an  ! 
many  non-durable  species,  not  now  ac¬ 
ceptable  for  boat  and  ship  building 
could  be  used.  Such  improvement, 
make  sense  to  the  Navy  and  appeal  to 
us  all  as  taxpayers. 

The  Navy  is  genuinely  enthusiast:, 
about  the  gluing  of  treated  wood  fc : 
shipboard  use,  and  expects  to  incorpc  - 
rate  this  technique  in  future  design; 
if  pilot  trials  prove  that  laminated 
treated  wood  is  durable  under  the  Si  - 
vere  exposure  encountered  in  marine 
use.  A  few  installations  of  glued 
treated  members  have  already  beci 
made,  and  the  performance  of  these 
installations  will  be  closely  checked. 

It  has  been  pointed  out  that  tlie 
Bureau  of  Ships  has  recently  prepared 
a  tentative  specification  for  laminated 
preservative  treated  oak.  It  is  believed 
that  this  specification  will  provide 
members  which  are  substantially  equiv¬ 
alent  in  quality  to  the  laminated  white 
oak  now  being  produced  under  Navy 
specifications. 

This  specification  is  based  almost 
entirely  on  laboratory  results,  how¬ 
ever,  and  has  yet  to  be  proven  in 
large-scale  production.  A  critical  proc¬ 
ess  of  this  nature  obviously  requires 
exacting  control  during  manufacture, 
and  demands  that  the  producer  be 
qualified  in  all  respects  for  such  work. 

In  order  to  be  certain  that  a  pro¬ 
ducer  has  such  qualifications,  the  Navy 
requires  a  survey  of  facilities  and  labo¬ 
ratory  tests  of  the  product  prior  to 
production. 

Besides  general  acceptability,  tlie 
qualification  test  determines  whether 
the  adhesive  and  preservative,  which 
the  laminator  has  selected  from  those 
approved  by  the  Bureau,  are  compati¬ 
ble  under  his  particular  laminating 
conditions. 

A  qualification  test  such  as  this,  t  4- 
lowed  by  close  process  control,  go  'd 
inspection,  and  adequate  testing,  pro¬ 
vides  a  sound  basis  for  producing  Inch 
quality  boat  and  ship  members. 
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The  bonding  of  such  dissimilar  materials  as  metals  and  plastics 
to  wood  has  developed  into  o  significant  volume  of  business.  The 
number  and  types  of  adhesives  being  used  for  these  applications 
are  numerous  and  increasing.  Several  types  are  listed.  The  techniques 
considered  of  importance  in  making  commercially  acceptable  prod¬ 
ucts  are  discussed. 


At  the  First  National  Meeting 
.^of  the  Forest  Products  Research 
Society  held  in  Chicago  in  1947,  the 
author  presented  a  paper  entitled 
"Metal  to  Wood  Bonding”.  Since  that 
time,  products  involving  the  use  of 
these  two  types  of  materials  have  been 
produced  in  an  ever  increasing  amount 
and  variety.  Adhesive  manufacturers 
have  spent  much  time  and  effort  in 
developing  better  materials.  There 
have  been  improvements  in  the  re¬ 
sultant  products  and  processes,  although 
the  basic  principles  have  not  changed. 
Perhaps  the  most  generally  known 
application  of  the  principles  of  metal 
to  wood  bonding  is  the  making  of 
stmctural  sandwich  panels  in  which 
the  faces  are  of  sheet  metal  and  the 
core  of  a  lower  density  material,  such 
as  plywood,  lumber,  paper,  fabric  or 
metal  honeycomb,  or  various  insulat¬ 
ing  materials. 

To  those  in  the  woodworking  in¬ 
dustry  who  are  acquainted  with  the 
problems  encountered  in  making  lami¬ 
nates  of  veneer  or  lumber,  it  is  quite 
apparent  that  a  product  having  metal 
or  plastic  bonded  to  wood  presents 
these  same  problems,  as  well  as  many 
others.  It  is  the  intent  of  this  paper  to 
consider  these  problems,  endeavoring 
to  present  some  practicable  solutions. 
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Basic  in  the  consideration  of  these 
problems  is  the  answer  to  the  ques¬ 
tion,  why  do  certain  chemical  mate¬ 
rials  hold  together  critical  surfaces? 
Or,  in  other  words,  why  are  certain 
chemical  materials  called  and  used  as 
adhesives?  We  must,  therefore,  first 
of  all,  give  consideration  to  the  under¬ 
lying  causes  or  major  factors  of  adhe¬ 
sion.  Without  becoming  extremely 
technical,  it  is  generally  recognized 
that  there  are  two  types  of  adhesion, 
both  of  which  function  to  a  greater  or 
less  degree  whenever  materials  are 
held  together  by  an  adhesive.  (13,  14) 

A)  Mechanical  adhesion  which  in¬ 
volves  the  interlocking  of  two  sur¬ 
faces,  such  as  wood  and  glue.  This  is 
essentially  what  happens  when  bond¬ 
ing  together  two  layers  of  wood  with 
a  liquid  casein  glue.  Here  the  glue 
wets  and  surrounds  the  wood  fibers  at 
the  surface  first,  and  then  as  it  gells 
and  finally  sets  hard  due  to  chemical 
action  and  loss  of  water,  the  glue  holds 
the  two  layers  of  wood  together.  A 
film  or  powdery  layer  of  the  same 
glue,  if  placed  between  layers  of  the 
porous  wood  in  the  dry  condition, 
would  not  bond  them  together  be¬ 
cause  the  adhesive  and  the  adherent 
have  not  been  mechanically  united. 

B)  Spcx:ific  adhesion  which  in¬ 
volves  certain  interatomic  and  inter- 
molecular  action  between  adhesive  and 
adherent.  An  example  of  this  type  of 
adhe-sion  might  be  demonstrated  by 
placing  together  two  very  smooth  and 
flat  sheets  of  plate  glass  which  were 
wet  with  water.  Considerable  force 
would  be  necessary  to  pull  these  apart. 
Here  the  thin  film  of  water  would  be 
serving  as  the  adhesive,  and,  for  all 
practical  purposes,  the  bond  is  not  the 
result  of  mechanical  adhesion. 

Another  factor,  relating  to  the  prob¬ 


lem  of  specific  adhesion,  deals  with 
the  attractive  forces  between  atoms 
and  molecules.  Much  work  has  been 
done  in  this  field  by  N.  A.  de  Bruyne. 
(8,  9,  10)  He  describes  these  elec¬ 
trical  forces  as  polar  and  non-polar 
and  has  shown  that  in  order  to  get  a 
strong  bond,  the  adhesive  and  the  ad¬ 
herent  should  both  be  either  polar  or 
non-polar. 

If,  then,  as  some  authorities  hold, 
the  major  part  of  the  strength  of  an 
adhesive  bond  is  due  to  specific  adhe¬ 
sion  and  if  the  polarity  and  non¬ 
polarity  of  the  adhesive  and  adherent 
are  significant  factors,  it  becomes  ap¬ 
parent  that  in  bonding  together  metals 
which  are  non-polar  to  wood  which 
is  normally  strongly  polar  there  are 
some  very  important  problems  to  con¬ 
sider. 

The  author  is  not  qualified  to  de¬ 
cide  just  how  far  it  is  possible  to 
carry  the  principles  of  this  latter  the¬ 
ory  of  adhesion  insofar  as  it  relates 
to  the  subject  matter  of  this  paper. 
Suffice  it  to  say  that  with  our  increased 
knowledge  of  the  forces  which  play  a 
part  in  adhesion  of  similar  as  well  as 
dissimilar  materials,  the  industry  is 
continually  improving  the  quality  of 
bonds  bc-tween  metals  and  wood  and 
plastics  and  wood. 

In  the  previous  paper,  (16)  the 
basic  reasons  for  making  a  product 
having  metal  bonded  to  wood  were 
discussed.  We  will  now  endeavor  to 
present  the  techniques  being  employed 
in  the  industry  in  producing  such 
products.  It  should  be  borne  in  mind 
that  there  is  no  universal  adhesive  as 
there  is  no  one  specific  product  em¬ 
ploying  a  combination  of  metal  and 
wood  which  meets  all  the  needs  of 
our  complex  civilization.  Performance 
and  service  factors  determine  the  selec¬ 
tion  of  the  best  adhesive  for  each  ap¬ 
plication.  Associated  with  this  is  the 
economical  practicability  of  the  re¬ 
sultant  product. 

Preparation  of  Surface 

A  prime  requisite  in  bonding  to¬ 
gether  two  materials  is  that  the  sur¬ 
faces  be  properly  prepared.  The  metal 
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or  plastic  surface  must  be  free  from 
oil  and  grease,  and  in  the  case  of  the 
former,  also  free  of  loose  oxides. 
Where  bonds  of  the  bc'St  quality  are 
required,  it  is  significant  to  note  that 
finder  marks  on  the  metal  surface  can¬ 
not  be  tolerated.  Even  a  surface  which 
is  normally  considered  clean  for  paint 
adhesion  may  not  be  clean  enough 
for  a  good  glue  bond.  Ordinary  vapor 
degreasing  of  sheet  metals  may  not 
result  in  a  satisfactory  gluing  surface. 
Chemical  cleaning  is  generally  consid¬ 
ered  very  desirable. 

In  order  to  obtain  greater  advantage 
of  the  so-called  mechanical  adhesion 
characteristics  of  the  adhesive,  it  is 
beneficial  to  roughen  the  surface  of 
the  non-porous  metal  or  plastic.  This 
can  be  accomplished  by  abrading  the 
surface  with  emery  paper,  sandpaper, 
metal  wool,  sand-blasting,  etc.,  after 
which  the  surfaces  should  be  washed 
and  wiped  to  remove  all  dust  parti¬ 
cles.  When  water  is  flowed  over  an 
adequately  cleaned  metal  surface,  it 
will  form  a  continuous  and  unbroken 
film.  This  is  a  simple  and  practical 
test.  A  rather  common  method  of 
roughening  the  surface  of  an  alumi¬ 
num  sheet  is  to  chemically  treat  it 
with  an  alkaline  type  cleaner.  A  deep 
etch  can  be  obtained  by  using  a  caustic 
soda  solution.  It  is  necessary  with  this 
type  of  etchant  to  be  sure  to  neutralize 
subsequently  the  alkali  with  an  acid, 
such  as  chromic  or  nitric. 

Army  Air  Force  Specification  20032 
"Process  for  Cementing  Metal  to  Metal 
and  Metal  to  Wood” (2)  describes  in 
detail  methods  for  cleaning  aluminum 
alloy,  plain  carbon  steel,  and  mag¬ 
nesium  surfaces.  The  following  is  the 
specified  method  for  cleaning  alumi¬ 
num  alloy  surfaces: 

"Aluminum  alloy  surfaces  shall  be 
cleaned  by  immersing  the  parts  in 
a  cleaning  bath,  rinsing  in  running 
water,  followed  by  immersion  in  a 
chromic  acid  bath. 

The  parts  shall  be  immersed  in 
the  cleaning  bath,  maintained  at  a 
temperature  of  160  to  185  degrees 
F.  for  a  period  of  three  to  five  min¬ 
utes.  The  composition  of  the  clean¬ 
ing  bath  shall  be  as  follows: 

Sodium  Metasilicate  (Anhy¬ 
drous) — 3.6  ounces 

Alkyl  Aryl  Sodium  Sulphonate — 
0.4  ounce 

Tap  Water — 1.0  gallon 

After  removing  from  the  clean¬ 
ing  bath,  the  parts  shall  be  rinsed 
in  running  water  and  the  surfaces 
examined  for  discontinuity  of  the 
water  film.  If  the  water  film  is  dis¬ 
continuous,  the  parts  shall  again  be 


immersed  in  the  cleaning  bath,  as 
specified  above,  and  rinsed.  The 
cleaning  and  rinsing  shall  be  re¬ 
peated  until  the  water  film  main¬ 
tains  its  continuity. 

The  parts  shall  then  be  immersed 
in  the  chromic  acid  bath,  main¬ 
tained  at  a  temperature  of  140  to 
160  degrees  F.  for  a  period  of  one 
to  three  minutes.  The  composition 
of  the  chromic  acid  bath  shall  be 
as  follows: 

Chromic  Acid — 5  percent  by 
weight 

Tap  Water — 95  percent  by 
weight 

After  removing  from  the  chromic 
acid  bath,  the  parts  shall  be  rinsed 
in  cold  running  water  and  dried 
with  compressed  air.” 


The  above  method  has  found  rather 
general  usage  in  the  industry,  espe¬ 
cially  if  the  bright  mill  finish  of  the 
metal  sheet  was  to  be  retained.  If  an 
etched  surface  is  permitted,  then  a 
stronger  caustic  replaces  the  sodium 
metasilicate.  Anodizing,  if  not  too  ex¬ 
pensive  for  the  application,  further 
enhances  the  quality  of  the  product. 
The  chromic  acid  process  is  consid¬ 
ered  superior  to  the  sulfuric  acid 
process. 

Magnesium  is  one  of  the  newer 
metals  being  used  in  making  of  struc¬ 
tural  panels  in  combination  with  wood 
and  other  core  materials,  such  as  paper 
honeycomb.  This  metal  tends  to  very 
readily  form  an  oxide  coating  on  the 
surface.  Special  processes  have  been 
developed  for  protecting  the  surface 
and  giving  a  good  surface  for  paint¬ 
ing  and  adhesive  bonding.  (4) 

Because  of  the  natural  corrosion  re¬ 
sistance  of  zinc  coated  steel,  this  metal 
has  been  used  rather  extensively  in 
making  metal  faced  plywood  panels. 
A  plain  galvanized  sheet  does  not  give 
a  paintable  surface;  neither  is  it  satis¬ 
factory  for  gluing.  It  is  necessary  to 
give  the  zinc  surface  a  chemical  treat¬ 
ment.  A  phosphate  type  coating  is 
commonly  employed.  Electrolytically 
deposited  zinc  on  the  surface  gives  a 
much  better  surface  although  even  this 
is  frequently  given  a  phosphate  type 
treatment.  The  latter  is  especially  bene¬ 
ficial  from  a  corrosion  resistant  con¬ 
sideration  when  the  metal  to  wood 
bond  is  made  with  some  of  the  cold 
setting  type  adhesives  to  be  discussed 
later. 

It  is  not  practicable  to  chemically 
roughen  the  surface  of  stainless  steel, 
so  the  general  procedure  is  to  clean  it 
with  solvents,  and  if  an  improved  bond 
is  desired,  a  mechanical  roughening  is 
given  to  the  surface. 


There  are  many  companies  who  spe¬ 
cialize  in  furnishing  equipment  And 
chemicals  specifically  designed  to  give 
sheet  metals  a  surface  satisfactory  for 
painting.  The  general  opinion  seems 
to  be  that  if  the  surface  is  of  such  a 
nature  so  as  to  give  good  paint  adhe¬ 
sion,  it  will  also  be  satisfactory  as  a 
gluing  surface.  This  is  not  necessarily 
true.  It  can  be  readily  demonstrated 
that  with  a  protein-latex  type  adhesiw., 
a  so-called  clean,  smooth  aluminmn 
alloy  surface  does  not  give  as  good  a 
bond  as  a  surface  also  roughened  ly 
chemical  etching  or  mechanical  sand¬ 
ing.  Tensile  shear  tests  or  peel  tesvs 
made  in  the  normal  dry  condition  m.;y 
not  show  this  difference.  Specimens 
soaked  in  water  for  one  or  more  da  s 
and  then  tested  show  a  marked  diffc- 
ence  in  favor  of  the  roughened  )r 
etched  surface.  This  condition  obtains 
also  with  the  cold  press  rubber  cements 
but  is  not  nearly  so  evident  with  tiie 
less  wettable  hot  press  synthetic  resir  s. 

With  respect  to  the  preparation  of 
the  surface  of  plastics,  some  generali¬ 
zations  can  be  made.  The  more  rigid 
and  generally  considered  thermos^  t- 
ting  type  plastic  sheets  should  i^e 
roughened  by  sanding  or  similar 
means.  Recently  developed  equipment 
involves  the  use  of  brushes,  which  is 
economically  practicable  for  surfacing 
plastic  sheets  (melamine,  phenolic  and 
polyester  treated  paper  or  fabric). 
The  machine  also  gives  a  good  sur¬ 
face  to  aluminum.® 

Wood  surfaces  generally  require  no 
specific  preparation,  except  that  they 
be  free  from  oil,  grease  and  other  for¬ 
eign  material.  In  the  case  of  plywood 
which  has  been  pressed  at  high  tem¬ 
peratures  and  pressures,  it  is  desirable 
to  sand  the  surface  lightly. 

The  scope  of  this  paper  is  not  in¬ 
tended  to  include  or  consider  the 
more  flexible  and  thermoplastic  sheets, 
such  as  vinyl,  cellulose  acetate,  poly¬ 
ethelene,  etc. 

The  bonding  of  metal  to  wood  an 
be  divided  into  two  general  categories, 
as  based  upon  general  gluing  proce¬ 
dures.  The  first  is  the  so-called  cold 
press  or  room  temperature  metliod, 
which,  as  the  name  implies,  requires 
the  use  of  cold-press  gluing  equip¬ 
ment  and  techniques.  The  seconci  is 
the  hot  press  method,  which  requ  res 
some  means  of  heating  the  asscn',bly 
while  under  pressure. 

The  quality  of  glue  bond  nec  led 
in  the  final  product,  as  well  as  the 
‘cost  which  can  be  tolerated  and  rhe 
equipment  available,  determine,  t  i  a 
great  extent,  the  specific  adhc  ive 
which  will  be  used  and  the  metho  *  of 
making  the  bond.  For  normal  tom- 
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me  'cial  applications,  it  is  generally 
assumed  that  the  cold  press  methods 
ar  most  practicable.  With  the  great 
indcase  in  number  of  hot  presses 
av,  liable,  as  well  as  the  improvement 
in  temperature,  pressure  and  other 
op  rating  controls,  this  assumption  is 
bt  oming  less  correct  with  the  passing 
of  time  and  the  developments  in  ad¬ 
hesives. 

The  cold  press  methods  generally 
ar>  less  expensive  primarily  because 
thi  equipment  is  more  simple.  Be¬ 
cause  of  the  great  difference  in  the 
coefficients  of  expansion  of  metal  and 
wc>od,  there  are  many  practicable  diffi¬ 
culties  in  making  a  flat  panel  when 
bonding  by  the  hot  press  method.  As 
the  required  bonding  temperatures  in¬ 
crease,  the  stresses  on  the  glue  lines 
also  increase  when  the  final  assembly 
is  brought  back  to  normal  tempera¬ 
ture.  A  common  procedure  when  using 
temperatures  above  the  boiling  point 
of  water  is  to  cool  the  assembly  while 
under  pressure.  In  the  case  of  a  steam 
heated  platen  press,  this  can  be  done 
by  cooling  the  platens  with  water.  In 
the  case  of  applying  a  metal  sheet  to 
one  side  of  a  plywood  panel,  one  can¬ 
not  expect  to  get  a  flat  panel  by  the 
hot  press  method.  For  a  balanced 
panel  (metal  on  both  sides),  this  diffi¬ 
culty  is  not  as  great. 

The  hot  press  method,  however, 
may,  in  general,  be  considered  to  give 
a  glue  bond  of  higher  quality.  Where 
glue  bonds  are  required  which  possess 
such  properties  as  high  water  resist¬ 
ance,  good  aging  characteristics  and 
extremely  high  strength  properties  in 
peel,  shear  and  flexibility,  this  general 
method  can  be  expected  to  be  adapt¬ 
able. 

The  author  believes  that  one  of  the 
most  important  factors  to  consider 
when  bonding  metal  to  wood  for  the 
more  common  commercial  applications 
is  the  corrosive  characteristic  of  the 
adhesive.  It  can  be  demonstrated  that 
a  sheet  of  aluminum  or  zinc  coated 
steel  will  corrode  much  more  quickly 
in  the  area  where  it  is  in  contact  with 
wood  (no  specific  species)  than  where 
it  IS  in  contact  with  only  the  humid 
atmosphere.  ( 1 )  Because  of  this  condi¬ 
tion,  the  adhesive  should  be  prefer- 
abl)  a  non-electrolyte  and  also  not 
wct'.’.ble  with  water  after  cured  or  set. 
For  certain  structural  panels  having 
met  il  on  both  faces  and  with  the  edges 
se*ii  1,  it  also  is  very  important  that 
thi-  loisture  content  of  the  wood  core 
be  1  pt  low,  especially  if  the  adhesive 
fill'  does  not  form  an  impervious 
-  barrier  between  the  two  ad- 
her  ‘s. 

1  a  previous  paragraph,  mention 
wa  nade  of  the  flatness  of  the  final 
pai  This  is  an  important  considera- 
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tion  for  most  applications,  and  it  be¬ 
comes  especially  significant  when  the 
areas  represented  are  comparatively 
large.  With  hot  pressing  techniques, 
it  is  essential  that  the  cooling  process 
be  such  as  to  cool  both  surfaces  uni¬ 
formly.  If  this  is  not  done,  the  stresses 
will  cause  warpage.  It  is  also  equally 
important  to  have  uniform  conditions 
during  the  heating  cycle.  The  trial  and 
error  method  for  each  adhesive  is  per¬ 
haps  the  most  practical  solution.  This 
problem  is  much  less  significant  in 
cold  gluing  because  there  are  no 
stresses  due  to  differences  in  coeffi¬ 
cients  of  expansion.  In  the  matter  of 
making  a  product  having  an  unbal¬ 
anced  construction,  such  as  metal  or 
plastic  on  one  face  of  plywood,  the 
maintainance  of  flatness  is  very  diffi¬ 
cult,  if  not  impossible.  First  of  all,  it 
can  be  said  that  to  make  such  a  prod¬ 
uct  by  the  hot  press  method  and  expect 
it  to  be  and  remain  reasonably  flat  is 
more  of  a  wish  than  a  reality.  In  cold 
pressing,  the  possibility  is  much  greater 
especially  as  far  as  initial  flatness  is 
concerned.  It  is  not  possible  to  retain 
flatness  because  the  construction  is  un¬ 
balanced;  and,  with  the,  changes  in 
humidity  conditions,  the  wood  will 
expand  and  contract  resulting  in 
stresses  which  manifest  themselves  in 
warpage.  When  making  a  product  of 
this  nature,  a  good  rule  of  thumb  to 
follow  is  to  bring  the  plywood  down 
to  such  a  moisture  content  prior  to 
bonding  that  whatever  is  added  in  the 
bonding  operation  the  resultant  aver¬ 
age  moisture  content  for  the  wood  will 
be  the  same  as  is  to  be  expected  in 
service.  Even  then,  changes  in  ex¬ 
posure  conditions  will  produce  stresses 
which  may  cause  the  panel  to  warp. 

Since  the  several  types  of  adhesives 
involve  techniques  which  are  distinct, 
we  will  discuss  the  techniques  and 
type  of  adhesive  simultaneously  and 
consider  them  on  the  basis  of  the  two 
general  gluing  methods  mentioned 
above. 

I.  Cold  Press 

A.  Rubber  Adhesives:  This  in¬ 
cludes  a  very  large  number  of  cements 
or  adhesives  having  natural  or  syn¬ 
thetic  rubber  as  the  base,  generally  in 
an  organic  base  solvent.  The  techniques 
employed  in  bonding  vary  with  the 
adhesive  and  with  the  ultimate  quality 
and  type  of  product. 

Perhaps  the  most  common  proce¬ 
dure  is  to  apply  the  adhesive  to  either 
or  preferably  both  of  the  two  surfaces 
to  be  adhered.  The  glue  is  applied 
brush,  spray  or  roller  coater.  It  is 
allowed  to  air  dry  for  a  specified  time 
and  then  the  surfaces  are  placed  in 
contact  with  each  other.  Pressures 
ranging  from  essentially  zero  to  a  few 


hundred  p.s.i.  are  applied  to  the  assem¬ 
bly  for  a  fraction  of  a  minute  up  to 
several  minutes. 

There  are  many  variations  to  the 
above  general  procedure.  One  of  these 
which  has  been  used  successfully  for 
several  years  incorporates  these  princi¬ 
ples  in  bonding  a  metallic  sheet  to  a 
composition  board,  such  as  masonite. 
The  solvent  is  evaporated  by  passing 
the  sheet  through  an  oven  of  infra¬ 
red  lights.  This  also  "activates”  the 
adhesive  because  at  the  elevated  tem¬ 
perature  it  becomes  less  viscous  being 
thermoplastic  in  nature.  The  metal 
sheet  is  then  laid  on  the  adhesive  sur¬ 
face  and  the  assembly  passed  through 
a  set  of  pressure  rolls  to  effect  the 
bond.  This  type  of  operation  is  eco¬ 
nomically  practicable  for  volume  pro¬ 
duction  on  a  product  which  can  tol¬ 
erate  a  rubber  type  cement. 

There  are  several  possible  methods 
for  applying  the  adhesive  to  the  sur¬ 
face.  For  very  limited  production,  it 
may  be  practicable  to  deposit  the  adhe¬ 
sive  film  by  brushing.  Spraying  is 
another  common  method.  This,  how¬ 
ever,  usually  requires  specially  devel¬ 
oped  nozzles  and  guns  and  techniques 
peculiar  to  each  adhesive.  The  depos¬ 
ited  film  tends  to  be  spotty  and  globby. 
Many  of  these  adhesives  are  also  ap¬ 
plied  satisfactorily  with  a  flow  gun  or 
by  knife  coating.  The  most  prevalent 
method  is  by  means  of  a  roll  coater 
which  permits  good  control  of  quan¬ 
tity  of  adhesive  applied  and  is  eco¬ 
nomically  practicable  providing  the 
production  run  is  not  too  small. 

A  rubber  adhesive  film  develops  its 
strength  due  to  the  loss  of  solvent. 
The  solvent  is  present  primarily  to 
give  a  satisfactory  consistency  for  ap¬ 
plication  and  to  wet  the  surfaces  of 
the  materials  to  be  bonded.  The  more 
common  bonding  techniques  are:  (12, 

15) 

(1)  Wet  Bonds:  The  adhesive  is 
applied  to  the  least  porous  surface  and 
the  other  surface  is  brought  into  con¬ 
tact  at  once.  This  bond  may  be  satis- 
factory  where  exceptionally  high 
strengths  and  resistance  to  cold  flow 
are  not  required. 

(2)  Tacky  Bonds:  The  adhesive  is 
applied  to  one  or  both  surfaces  and 
allowed  to  air  dry  until  an  aggressive 
tack  is  developed.  The  time  for  this 
is  dependent  upon  several  factors,  in- 
cluding  temperature,  humidity,  air 
circulation.  The  surfaces  are  brought 
together  during  this  tacky  stage.  Prc*s- 
sure  is  applied  to  assure  intimate  con¬ 
tact.  Time  under  pressure  may  be 
momentary  to  several  minutes. 

(3)  Reactivated  Bonds:  This  tech¬ 
nique  is  usually  more  applicable  when 
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bonding  together  two  surfaces  which 
are  impervious  to  passage  of  solvent 
or  when  it  is  not  practicable  to  dry 
both  surfaces  to  the  optimum  stage  at 
the  same  time.  High  pressure  plastic 
laminates  are  often  bonded  to  plywood 
by  this  method.  The  adhesive  is  ap¬ 
plied  to  the  surfaces,  allowed  to  air 
dry  for  an  indeterminate  time,  even 
up  to  several  weeks,  and  is  reactivated 
by  wiping  the  surfaces  with  the  proper 
solvent  and  making  contact  immedi¬ 
ately. 

(4)  Pressure-Sensitive  Bonds: 
There  are  available  rubber  adhesives 
which,  when  dry,  are  tack-free  to  the 
touch  or  in  contact  with  other  mate¬ 
rials.  However,  when  two  coated  sur¬ 
faces  are  brought  together  under  com¬ 
paratively  low  pressure,  a  bond  is 
established. 

(5)  Chemically  Cured  Bonds:  A 
two  part  adhesive  is  used.  One  is  a 
catalyst  or  "accelerator”  which,  when 
mix^  with  the  other,  initiates  a  cure 
of  the  mixture.  Because  the  curing  be¬ 
gins  at  once,  the  time  limit  of  the  pot 
life  of  the  adhesive  mixture  is  short. 
After  applying  the  adhesive  to  both 
surfaces  by  brush  or  roll  coater,  the 
assembly  is  made  at  once  and  put  un¬ 
der  pressure  for  several  hours  depend¬ 
ing  upon  temperature. 

(6)  Combination  Bonds:  Another 
production  method  being  employed 
successfully  in  bonding  metal  to  wood 
incorporates  the  use  of  two  rubber 
type  adhesives.  This  apparently  takes 
advantage  of  the  fact  that  adhesives 
differ  in  polarity  (see  above),  and  the 
specific  adhesion  to  the  adherent  is 
determined  by  these  forces.  An  or¬ 
ganic  solvent  type  rubber  base  adhe¬ 
sive  is  applied  as  a  prime  coat  to  the 
metal.  This  is  forced  or  air  dried.  The 
primary  adhesive,  a  water-dispersed 
rubber  base  material,  is  applied  to 
this  primed  surface  of  the  metal  and 
to  the  wood  surface.  These  components 
are  then  air  dried  or  passed  under  a 
bank  of  infra-red  lights  for  three  min¬ 
utes  at  a  temperature  of  150°  F.  The 
assembly  is  then  laid  up  and  held 
under  pressure  for  about  three  minutes. 

B.  Protein-latex:  This  type  of  ad¬ 
hesive  (11)  has  been  used  in  the  com¬ 
mercial  production  of  metal-faced  ply¬ 
wood  panels  for  at  least  twenty-five 
years.  The  protein  (casein,  blood  albu¬ 
min)  has  no  great  degree  of  specific 
adhc*sion  for  metals.  Water-dispersed 
rubber  lattices  (natural  and  synthetic) 
are  much  better  in  this  respect.  A 
proper  combination  of  the  rubber  latex 
and  protein  develop  good  bond 
stren^hs.  With  the  proper  formula¬ 
tion  of  ingredients  and  proper  surface 


preparation  of  the  metal  or  plastic  and 
wood,  the  bonding  techniques  are 
comparatively  simple.  The  adhesive  is 
applied  by  brush,  roll  coater  or  spray 
to  either  of  the  two  surfaces,  and  the 
assembly  is  held  under  clamp  pressure 
for  eight  to  sixteen  hours.  This  adhe¬ 
sive  "sets”  principally  through  the 
loss  of  water.  Having  once  lost  the 
water  through  dissipation  into  the 
wood,  the  adhesive  loses  its  property 
of  being  soluble  or  miscible  in  water 
and  becomes  highly  water  resistant. 

C.  Combination  Primer  and  Cold 
Setting  Glue:  There  are  commer¬ 
cially  available  adhesive  materials 
which  have  a  very  good  degree  of  ad¬ 
hesion  to  metals.  These  are  applied 
to  the  metal  surface  by  conventional 
methods.  The  usual  procedure  is  to 
air  dry  and  follow  with  a  bake  or  cure 
for  several  minutes  at  elevated  tem¬ 
peratures.  It  is  desirable  that  the  sur¬ 
face  of  this  primer  lack  a  high  degree 
of  smoothness.  This  can  be  accom¬ 
plished  by  method  of  application  or 
else  by  roughening  it  after  baking 
with  a  coarse  sandpaper.  The  bond 
between  the  prime  coat  and  the  wood 
surface  is  made  with  a  cold-setting 
resin  adhesive  such  as  urea,  phenol, 
resorcinol  type  by  using  regular  wood¬ 
bonding  techniques.  (6,  7) 

D.  Synthetic  Resins:  Within  the 
past  few  years  there  have  been  devel¬ 
oped  a  number  of  resins  which  are 
being  used  to  an  ever  increasing  ex¬ 
tent  in  bonding  metal  to  metal  and 
metal  to  wood.  This  class  of  resins  are 
known  as  the  epoxies.  There  are  sev¬ 
eral  variations  available  depending  up¬ 
on  the  working,  physical,  chemical  and 
quality  and  economic  characteristics 
desired.  In  general,  these  resins  are 
very  expensive,  costing  at  the  present 
time  as  much  as  $2.00  or  more  per 
pound.  The  primary  usage  is  for  metal 
to  metal  bonding  where  little  or  no 
external  pressure  can  be  applied.  This 
type  of  resin  cures  very  rapidly  when 
the  proper  catalyst  is  added.  The  chem¬ 
ical  reaction  which  takes  place  is  highly 
exothermic  and  thus  the  pot  life  of 
the  mixture  is  very  limited. 

Certain  formulations  of  this  type  of 
adhesive  are  considered  as  100%  sol¬ 
ids.  This  means  that  they  set  without 
evolution  of  volatile  by-products.  Gen¬ 
erally  also  the  setting  is  accomplished 
with  no  material  shrinkage.  These 
characteristics  make  the  resin  not  only 
suitable  for  bonding  metal  or  plastic 
to  wood,  but  also  for  bonding  to¬ 
gether  impervious  materials,  such  as 
metals,  ceramics,  rubber  and  glass. 

The  use  of  the  so-called  craze- 
resistant  type  of  urea  resins  has  been 
very  successful  in  bonding  decorative 
plastic  laminates  to  plywood  for  table 


tops  and  similar  applications.  Also, 
the  resorcinol,  resorcinolphenol,  cold¬ 
setting  phenolic,  and  casein  glues  are 
being  used  successfully.  The  surface  of 
the  laminate  is  first  roughened  by 
sanding.  The  water  solution  of  the 
resin  is  applied  by  customary  means 
to  the  wood  and  the  assembly  is  cold- 
pressed.  It  is  possible  to  get  satisfac¬ 
tory  bonds  at  comparatively  low  pres¬ 
sures.  Especially  where  fir  plywood  is 
used,  this  low  pressure  feature  is  very 
desirable  because  it  prevents  the  hard 
and  soft  spots  from  telegraphing 
through  to  the  glossy  surface  of  tiie 
decorative  laminate. 

II.  Hot  Press 

A.  Resin-rubber:  This  type  of  .ad¬ 
hesive,  comprising  a  combination  of 
synthetic  resins  and  synthetic  rubt  r, 
has  become  very  common  during  'be 
past  decade.  During  World  War  II 
the  aircraft  industry,  in  particular,  \  as 
in  need  of  adhesives  for  bonding  me  !al 
to  metal  to  replace  the  time-consum:  ig 
riveting  procedures.  Many  formula¬ 
tions  have  been  developed  in  the  in¬ 
tervening  years.  Not  only  have  tb.se 
adhesives  proven  satisfactory  for  mttal 
to  metal  bonding,  but  they  also  ire 
used  for  metal  to  wood  bonding  wb  .re 
high  strengths  and  very  good  dura¬ 
bilities  are  required.  A  straight  resin 
adhesive  is  very  strong  and  rigid,  it 
tends  to  be  brittle  and  often  exhibits 
poor  adhesion  to  non-porous  surfaces, 
while  a  rubber  adhesive  is  flexible  and 
may  have  too  much  elasticity  although 
it  has  good  adhesiveness  to  metal.  The 
proper  combination  results  in  exhib¬ 
iting  the  merits  of  both  without  either 
of  their  disadvantages. 

There  are  several  liquid  type  adhe¬ 
sives  of  this  general  composition.  The 
working  properties  of  the  unciired 
composition,  as  well  as  the  physical 
properties  of  the  final  glue  bond,  are 
dependent  upon  the  particular  lom- 
position. 

The  general  technique  in  using  a 
typical  formulation  can  be  given  as 
follows:  The  adhesive  having  a  low 
solids  concentration  in  an  organic  sol¬ 
vent  is  applied  to  each  of  the  sur  ices 
to  be  bonded  by  brush,  spray  or  roll 
coater.  In  order  to  build  up  a  jlfi- 
cient  film  thickness,  several  ap]  ica- 
tions  with  air  or  force  drying  bet'  een 
each  may  be  required.  A  further  Iry- 
ing  or  preemre  so  as  to  remove  al  sol¬ 
vents  is  recommended.  This  ma  re¬ 
quire  15  to  30  minutes  at  a  ten:  cra- 
ture  below  the  boiling  point  of  c  ter. 
The  assembly  is  then  subjected  to  cm- 
peratures  between  300  and  4()(  de¬ 
grees  with  pressures  up  to  several  hun¬ 
dred  pounds  per  square  inch  dci  nd- 
ing  upon  compression  resistani  ot 
the  components  being  bonded. 


44 


DECEMBER,  ’9  53 


In  the  aircraft  industry,  it  is  usu- 
al!v  not  possible  or  practicable  to  make 
sc  ondary  glue  joints  between  metal 
and  wood.  Common  procedure  is  to 
biKid  a  thin  wood  veneer  to  sheet 
al  ;minum  or  stainless  steel  with  a 
nil 'ber-resin  adhesive.  (2)  This  veneer 
surface  then  can  be  bonded  with  a 
CO  id-setting  resorcinol  resin  to  the 
Oiiicr  wood  part. 

B.  Thermosetting  -  Thermoplastic 
Rtsin  Combinations:  There  are  com¬ 
binations  of  resins  which  have  given 
ve  ry  good  metal  to  metal  and  metal  to 
wood  bonds.  The  one  component  is  a 
synthetic  resin  of  the  phenolic  type 
wliich  cures  (becomes  insoluble  and 
rigid)  when  subjected  to  heat.  The 
second  component,  also  a  synthetic 
resin  which  may  be  of  the  formal  or 
butyral  type,  remains  plastic  even 
when  heated  for  long  periods  at  ele¬ 
vated  temperature.  The  mixture,  how¬ 
ever,  when  properly  cured,  exhibits 
the  general  properties  of  a .  thermo¬ 
setting  resin.  (7) 

"Redux”**  is  an  adhesive  of  this 
type.  It  has  been  in  use  in  England 
and  this  country  for  over  ten  years 
especially  for  making  high  strength 
bonds  between  metal  parts  in  the  air¬ 
craft  industry.  (5,  9)  The  process  re¬ 
quires  extreme  care  in  proper  cleaning 
of  the  metal  surface.  The  one  compo¬ 
nent,  in  liquid  form,  is  applied  to  the 
surfaces;  and  before  it  has  dried,  the 
second  component,  in  powder  form, 
is  sifted  on  the  wet  surface  of  the 
metal.  The  excess  powder  which  does 
not  cling  to  the  liquid  should  be 
tapped  off.  After  an  open  assembly 
time  of  at  least  30  minutes  (most 
common  is  from  a  few  hours  up  to 
two  days),  the  assembly  is  made  and 
put  into  a  hydraulic  press  with  platen 
temperature  at  about  300°  F.  The 
curing  time  is  comparatively  long — 
about  30  minutes. 

The  general  type  of  adhesive  is  also 
available  in  the  liquid  form — the  mix¬ 
ture  of  resins  being  dissolved  in  or¬ 
ganic  solvents.  The  viscosity  is  usu¬ 
ally  rather  high  in  comparison  with 
the  solids  content,  in  this  respect  be¬ 
ing  much  like  lacquer.  One  proprietary 
resin  of  this  type  at  about  20%  solids 
has  a  viscosity  in  the  general  range  of 
20  to  30  seconds  in  an  ASTM  No.  25 
cup  at  25°  C.  Either  surface  is  coated 
with  the  adhesive,  the  solvents  are 
removed  by  normal  air  or  force  dry¬ 
ing  and  the  assembly  is  subjected  to 
a  pressure  of  25  to  200  lbs.  per  sq.  in. 
for  K'veral  minutes  at  temperatures  be- 
twe,.n  300  and  350°  F. 

I't'r  bonding  small  parts  or  compo- 
neiis  which  do  not  lend  themselves 
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readily  to  coating  with  the  liquid 
resin,  this  type  is  also  available  in  the 
film  form.  It  is  supplied  as  a  tack-free 
unsupported  film®  approximately  two 
mils  thick.  There  are  also  available 
commercial  sheets  on  glass  fabric  base 
with  varying  amounts  of  resin  coating.^ 

Bonds  made  with  this  type  of  adhe¬ 
sive  have  considerable  resistance  to 
water,  alcohol,  organic  solvents,  oil, 
etc.  They  also  have  exceptionally  high 
shear  strength  and  resistance  to  creep 
under  sustained  loads.  This  latter 
property,  however,  holds  only  at  tem¬ 
peratures  below  200  to  250°  F.  At 
higher  temperatures,  the  bond  tends 
to  show  thermoplastic  characteristics. 

C.  Synthetic  Resins:  The  epoxies 

(3)  or  ethoxylene  resins  are  cured  at 
elevated  temperatures  as  well  as  at 
room  temperature.  Several  formula¬ 
tions  of  this  type  of  resin  have  a  high 
degree  of  specific  adhesion  for  most 
non-porous  surfaces  and  readily  wet 
the  surface.  It  is  thus  possible  to  get 
good  bonds  without  requiring  high 
pressures. 

The  resin,  supplied  in  a  liquid  con¬ 
dition,  has  a  reasonably  good  storage 
life  at  room  temperature  although  it 
is  best  to  store  in  a  cool  place.  It  can 
be  applied  by  brush  or  spray.  Pre¬ 
cautions  are  necessary  because  the  sol¬ 
vents  are  inflammable.  Although  not 
essential,  it  is  best  to  air  dry  the  open 
assembly  at  a  temperature  below 
120°  F.  After  drying,  the  components 
can  be  assembled  and  cured  at  once; 
or  the  curing  process  can  be  delayed 
up  to  several  months.  The  resin  melts 
at  a  temperature  of  about  250°  F.  so 
in  order  to  get  a  bond  having  high 
shear  strengths  and  good  resistance  to 
solvents,  the  curing  temperature  should 
be  above  the  melting  point.  The  time 
required  to  cure  the  resin  depends 
upon  the  temperature.  One-half  hour 
at  400°  F,  gives  very  good  results.  At 
300°  F.  the  time  is  increased  to  about 
4  hours. 

The  disadvantage  of  long  curing 
time  at  high  temperatures  for  this  type 
of  resin  is  offset  by  the  fact  that  only 
good  contact  pressures  are  required. 
Therefore,  the  curing  can  be  done  with 
clamp  pressures  in  ovens  without  re¬ 
quiring  hydraulic  presses  with  heated 
platens.  Because  of  the  comparatively 
high  cost  of  the  resin,  the  use  thus  far 
has  been  in  bonding  small  parts  rather 
than  in  commercial  applications  in¬ 
volving  products  having  large  areas. 

Conclusion 

The  foregoing  covers  only  a  small 
part  of  the  many  factors  involved  in 
bonding  metal  and  plastics  to  wood. 

Bloomingdale  Rubber  Company. 


By  listing  several  of  the  types  of  adhe¬ 
sives  available,  as  well  as  their  gen¬ 
eral  working  properties  and  other 
physical  characteristics,  it  is  hoped  that 
this  will  serve  as  a  preliminary  guide 
in  the  selection  of  a  specific  adhesive 
for  a  particular  job. 
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Properties  and  Application  of  Amino  Resin 
Adhesives  and  Binders 

EARL  B.  DETWILER 
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This  paper  gives  a  short  history  of  the  development  of  synthetic 
adhesives  followed  by  a  description  of  amino  resins,  principal  raw 
materials  used  in  their  manufacture,  and  mention  of  their  principal 
applications.  The  development  and  uses  of  four  modified  urea  resin 
adhesive  binders  are  described  in  some  detail.  The  four  resins  are: 
(1)  urea-formaldehyde  resins  with  improved  water  resistance,  (2) 
gap-filling  urea  adhesives,  (3)  fast  clamping  cold  set  adhesives,  and 
(4)  wet  strength  resins.  Melamine  resins  are  touched  upon  for  their 
use  as  wet  strength  resins  and  in  the  manufacture  of  decorative 
laminates.  A  few  paragraphs  on  the  future  uses  for  amino  resin 
binders  concludes  the  paper. 


During  the  last  forty  years  syn¬ 
thetic  rc-sin  adhesives  have  grown 
from  their  inception  as  an  idea  in  the 
mind  of  Baekeland  in  1912  to  their 
use  in  the  bonding  of  motors  to  air¬ 
plane's  in  recent  years.  The  volume 
growth  from  practically  nothing  in 
1912  to  several  hundred  million 
pounds  in  1952  is  even  more  striking 
when  it  is  realized  that  most  of  this 
growth  occurred  since  1930  when  the 
first  of  the  amino  resin  adhesives, 
urea-formaldehyde  re-sins,  were  offered 
commercially. 

This  period  of  growth  saw  many 
new  synthetics  invade  the  adhe-sives 
field.  In  the  192()’s,  exploitation  of 
cellulose  esters,  rubber,  cyclized  rub¬ 
ber,  and  chloroprene  was  begun.  These 
were  largely  used  as  solutions  in  or- 
ganic  solvents.  Then  the  urea- 
formalde-hyde  resin  adhesive-s  made 
their  appearance,  followed  by  poly¬ 
vinyl  butyral,  polyvinyl  acetate,  chlori¬ 
nated  rubber,  melamine-formaldehyde 
resins,  and  resorcinol-formaldehyde 
re-sins.  More-  recently,  the-  latex  adhe¬ 
sives,  the  ethoxylene  type  adhe-sives, 
and  the  polyurethane-s  have  made  their 
appearance.  Who  would  dare  guess 
what  products  will  be  added  during 
the  next  decade  ? 
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Amino  resin  adhesives,  the  main 
subject  of  this  paper,  have  had  phe¬ 
nomenal  growth  of  their  own.  Since 
their  beginning  in  1930,  the  annual 
volume  of  amino  resins  sold  for  use  in 
binders  of  various  types  reached 
80,000,000  lbs.  (solids  basis)  in  1951. 
Considering  the  many  properties  of 
these  resins  that  render  them  ideally 
suited  to  many  adhesive  applications, 
this  is  no  surprise. 

The  term  "amino  resin”  may  be 
confusing  to  the  layman  since  chem¬ 
ists,  who  are  so  exact  in  their  work 
often  adopt  dc-scriptive  names  that 
appear  to  have  no  precise  meaning; 
"amino  resin”  belongs  in  this  cate¬ 
gory.  (An  amino  resin  usually  denotes 
a  rc-sin  that  has  been  derived  from  an 
amino  compound;  an  amino  compound 
being  one  that  contains  an  amino 
group;  and  an  amino  group  is  the 
chemical  group  HjN-.)  Compounds 
containing  such  groups  arc  very  com¬ 
mon.  The  proteins  that  form  the  build¬ 
ing  blocks  of  our  bodies  and  which 
taste  so  good  when  in  the  form  of 
charcoal  broiled  steaks  arc  compounds 
of  this  type.  For  the  purpose  of  this 
paper,  it  will  suffice  to  mention  only 
two  amino  compounds  that  arc  used 
to  make  amino  resin  adhesives,  for 
these  two  account  for  more  than  95 
of  the  total  amino  resin  commercial 
products.  The  first  is  urea.  The  chem¬ 
ist  pictures  this  compound  as  follows: 

O 

II 

H,N  — C  — NH, 

Urea 


The  second  compound  is  melanr  le; 
again  the  chemist’s  picture: 

c 


Melamine 

The  amino  groups  (HjN-)  of  l-oth 
these  materials  react  with  formalde¬ 
hyde  under  suitable  conditions  to  form 
large  complex  molecules.  The  first 
products  are  not  so  complex  (although 
chemists  are  still  debating  their  actual 
structure)  and  they  arc  water  soluble. 
In  this  form,  they  can  be  used  as  bind- 
ets,  but  if  the  final  bond  is  to  be 
water  resistant,  the  rc-sin  must  be  made 
more  complex.  This  can  be  done  by 
continuing  the  reaction  at  the  time-  the 
adhesive  is  used.  Thus,  a  cold  set 
urea  adhesive  is  reacting,  becau.se  of 
the  catalyst  it  contains,  while  it  is  in 
the  glue  pot  and  after  it  is  in  the  glue- 
line.  This  reaction  continues  until  the 
rc-sin  molc-culc  becomes  so  large  if  can 
react  no  further.  It  is  then  insoluble 
and  infusible.  A  similar  reaction  c.ikes 
place  when  an  urea  resin  or  a  mela¬ 
mine  rc-sin  is  cured  with  heat.  This  is 
an  over-simplified  and  not  c-ndrely 
accurate  explanation,  but  since  it  is 
not  the  purpose  of  this  paper  to  be¬ 
come  bogged  down  in  the  nun  rous 
thc-orics  of  rc-sin  structure,  it  s'  ould 
suffice. 

Usually,  there  is  some  inter,  -.t  in 
the  source  of  the  chemicals  that  o  to 
make  up  any  product.  In  the  c  e  of 
amino  resins,  where  only  three  main 
chemicals,  urea,  melamine,  anc'  for¬ 
maldehyde  are  involved,  it  is  p'  sible 
to  say  with  all  honesty  that  th>  ’  are- 
made  from  coal,  air,  and  water,  rfie-y 
are,  therefore,  assuming  ample  plant 
capacity,  available  in  unlimited  juan- 
tities  at  moderate  cost.  Urea  an-i  for- 
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Table  1 


Property  Urea  Adnesivea  Melamine  Adneaives 

PI.  sical  Form . . Dry  powder  or  syrup  Dry  powder  or  syrup 

S.  vent. . . . Water  Water 

St  age  Stability . . . . . Excellent  Excellent 

K\  endability _ _ _ _ _ Excellent  Limited 

V  rking  Life . . Hours — cold  set  Days — hot  set 

Days — hot  set 

Sp  .  ading  Characteristics _ Excellent  Excellent 

T  ,  e  of  Catalyst . Acid  None 

('i;  ing  Temperature _ Room  Temp,  to  250°F.  190-250°F. 

Cl.  ing  Time . . . Very  short — hot  set  4-8  hrs.  clamp  plus  Short — hot  set 

several  days  to  max.  strength — cold  set. 

T'peofBond . . . Thermoset  Thermoset 

(’.  ir  of  Bond _ Colorless  Colorless 

pi-  i  d  Through . . . . ..Nil  Nil 

1!  .  id  Durability.  . . Excellent  Indoors  Excellent 

Not  recommended  outdoors  although  pro¬ 
tected  joints  may  be  satisfactory. 

Ciisi _ Very  low  Moderate 


ni.'ldehydc  are  manufactured  at  an  an- 
nii.d  rate  of  more  than  one  billion 
piunds  per  year  and  the  melamine 
volume  is  over  100  million  pounds 
per  year. 

In  order  to  compare  the  two  major 
amino  resin  adhesivc-s,  the  properties 
of  the  urea-formaldehyde  and  the 
melamine-formaldehyde  adhesives  are 
listed  in  Table  I.  These  properties  are 
for  the  unmodified  adhesives  that  have 
been  specifically  formulated  for  use  in 
plywood. 

A  little  study  of  the  table  shows 
that  urea  adhesives  have  three  main 
advantages:  (1)  low  cost,  (2)  ready 
extension  with  wheat  flour,  and  (3) 
cold  setting  properties.  The  melamine 
adhesive  on  the  other  hand  has  the 
excellent  durability  required  for  exte¬ 
rior  use.  The  lack  of  bleed-through 
and  the  colorless  glue  line  of  both  ad¬ 
hesives  make  them  ideally  suited  to 
the  gluing  of  hardwood  plywood, 
while  fast  cure  at  moderate  tempera¬ 
tures  assures  a  low  cost  streamlined 
operation. 

Unmodified  urea  binders,  consist¬ 
ing  essentially  of  water  and  urea- 
formaldehyde  rc*sin  with  or  without 
extenders,  are  well  known  throughout 
the  industry.  Many  are  also  familiar 
with  their  principal  uses:  interior  ply¬ 
wood,  lumber  core,  woodwaste  boards, 
flush  doors,  paperboard,  etc.  Since  these 
applications  have  been  the  subjects  of 
many  papers,  further  discussion  here 
is  not  dc-emed  necc*ssary. 

There  are  a  number  of  modified 
urea  resins  that  are  important  but  not 
so  well  known  and  therefore  deserve 
further  attention.  Four  items  will  be 
described:  (1)  urea  resin  adhesives 
modified  for  better  water  rc*sistance, 
(2)  urea  resin  adhesives  modified  to 
give-  gap-filling  properties,  (3)  urea 
resin  adhesives  modified  for  faster 
clamping  properties,  and  (4)  urea 
resii  .  modified  to  impart  wet  strength 
to  p  per.  In  each  case,  a  brief  study  of 
the  velopment  of  the  resin  will  be 
give  followed  by  an  account  of  the 
mail  applications  for  the  material. 

1  a  resin  adhc*sives  were  hardly 
hori  before  the  chemist  was  attempt¬ 
ing  .  improve  their  water  resistance. 
Phi  I  resins  were  some  of  the  first 


materials  used  for  this  purpose  and 
there  are  several  literature  and  patent 
reference's  relating  to  this  combina¬ 
tion.  However,  alkaline  cure,  which 
is  best  for  phenolic  adhesives  retards 
the  cure  of  urea  resins  and  the  high 
temperature  cure  of  the  phenolic  is 
harmful  to  the  urea  resin.  Further¬ 
more,  the  colorless  glue  line  of  the 
urea  adhc'sive  bc'comes  highly  colored 
when  modified  with  phenol.  Phenolic 
modification  did  not  appear  to  be  the 
way  to  improve  the  watet  resistance  of 
urea  adhesives.  Recently,  there  have 
been  attempts  to  realize  improved 
water  resistance  in  urea  resin  adhesives 
by  modifying  with  resorcinol.  This  de¬ 
velopment  cannot  be  evaluated  until 
more  experience  with  this  system  has 
been  obtained,  although  it  is  possible 
to  predict  that  color  and  cost  will  not 
be  favorable. 

While  one  group  of  chemists  at¬ 
tempted  to  improve  the  water  resist¬ 
ance  of  urea  adhesives  through  phe¬ 
nolic  modification,  a  second  group  was 
having  more  succc“ss  by  modifying 
with  melamine.  Here,  the  chemical 
species  were  similar  so  no  trouble  in 
either  cure  pH  or  cure  temperature 
was  encountered.  First  melamine  crys¬ 
tal,  then  melamine  resin  was  mixed 
with  the  urea  resin;  in  both  casca  im¬ 
proved  water  resistance  was  obtained. 
However,  it  was  only  when  the  urea 
and  melamine  resins  were  corcacted 
that  optimum  water  resistance  was  ob¬ 
tained.  For  instance,  in  a  controlled 
series  of  experiments,  it  was  found 
that  the  coreacted  adhesive  met  the 
exterior  plywood  shear  strength  re¬ 
quirements  after  two  cyclc-s  of  Type  I 
CS-35-49,  and  partial  delamination 
occurred  only  after  eight  cycles.  The 
blended  adhesive,  on  the  other  hand, 
failed  to  mec*t  the  exterior  plywood 
requirements  after  one  cycle.  This  im¬ 
provement  in  water  rc-sistance  is  re¬ 
flected  in  both  simulated  and  actual 
outdoor  durability  tests  that  have  been 
run.  To  date,  improvement  in  water 
and  weather  resistance  is  shown  only 
in  hot  set  adhesives.  If  a  similar  modi¬ 
fication  of  the  cold  set  urea  has  been 
worked  out,  it  has  not  yc*t  been  an¬ 
nounced  publicly. 


Unmodified  urea  resin  adhesives 
produce  excellent  bonds  when  the  glue 
line  is  thin,  i.e.,  up  to  about  0.007 
inch  thick.  Glue  line  thickness  can  be 
maintained  in  this  rather  narrow  range 
through  the  use  of  pressure  on  veneer, 
or  by  precisely  finished  lumber  parts. 
Prior  to  World  War  II,  chemists  had 
realized  the  advantages  that  would 
accrue  from  the  development  of  an 
adhesive  that  would  bond  well  even 
if  the  glue  line  was  as  thick  as  0.020 
inch.  During  the  war  such  an  ad¬ 
hesive  was  used  by  the  English  in  the 
manufacture  of  their  famous  all-wood 
Mosquito  bomber.  A  vivid  account  of 
this  work  was  given  by  Mr.  C.  H. 
Pottenger  at  an  earlier  meeting  of  this 
society  (3).  No  purpose  would  be 
served  by  reviewing  that  report,  but 
some  previously  unpublished  develop¬ 
ment  work  on  the  first  American  gap¬ 
filling  adhesive  (1)  should  be  of  in¬ 
terest. 

The  English  adhesive  that  func¬ 
tioned  so  well  in  the  Mosquito,  was  a 
urea-formaldehyde  resin  modified  with 
benzyl  alcohol.  The  purpose  of  the 
benzyl  alcohol  was  to  act  as  a  com¬ 
pletely  compatible  solvent  which  re¬ 
placed  much  of  the  water  used  in  the 
conventional  urea  adhesives.  Having 
a  high  boiling  point  (401°  F.),  this 
solvent,  unlike  water,  remains  in  the 
cured  adhesive,  thus  reducing  shrink¬ 
age  and  consequent  crazing. 

In  1943,  there  seemed  to  be  a  large 
American  market  for  a  cold-sc-tting 
gap-filling  adhesive,  but  the  English 
product  had  several  disadvantages 
when  considered  for  the  American 
market.  The  limited  shelf -stability  and 
the  low  glue  line  pH  (below  2.5) 
were  sale's  handicaps,  but  the  poor 
durability  of  the  cured  bond  under 
the  extreme  temperature  and  humidity 
conditions  of  the  United  States  made 
this  formulation  only  slightly  better 
for  use  in  this  country  than  unmodi¬ 
fied  urea- formaldehyde  adhesives.  This 
latter  objection  did  not  apply  when 
the  adhesive  was  used  in  England 
where  the  humidity  and  temperature 
varied  but  little.  Although  the  Mos¬ 
quito  bomber  was  used  in  every  clime, 
no  glue  failure  was  ever  proved;  show¬ 
ing  that  there  is  a  tendency  here  in 
America  to  be  overly  cautious  in  the 
interpretation  of  durability  tot  results. 
However,  in  1943,  with  this  experi¬ 
ence  yc-t  to  be  gained,  it  seemed  nec- 
c'ssary  to  correct  thc-se  disadvantages 
by  changing  the  English  formulation 
or  by  developing  a  new  one. 

After  an  exploratory  look  at  a  num¬ 
ber  of  possible  modifiers,  and  after 
trying  unsuccessfully  to  correct  the  dis¬ 
advantage's  of  the  English  formula¬ 
tion,  a  detailed  study  of  urea-formalde¬ 
hyde  resins  modified  with  furfuryl 
alcohol  or  furfural  was  programmed. 


With  either  of  these  systems,  it  was 
reasoned,  the  modifier  would  poly¬ 
merize  at  the  same  time  the  urea  resin 
cured  under  the  influence  of  an  acid 
catalyst.  The  compatible  modifier 
would  then  be  in  the  form  of  a  high 
polymer  well  distributed  throughout 
the  cured  urea  resin.  Being  a  high 
polymer  and  having  practically  no 
vapor  pressure,  the  modifier  would 
have  no  tendency  to  be  lost  even  at 
elevated  temperatures;  shrinkage 
should  be  low  and  crazing  should  be 
minimized  if  not  completely  elimi¬ 
nated.  This  is  just  how  it  turned  out. 
Furfuryl  alcohol  was  preferred  to  fur¬ 
fural  because  it  had  better  compati¬ 
bility  with  urea  resin  and  because  it 
was  more  easily  polymerized  in  the 
presence  of  dilute  acids. 

Uses  for  the  gap-filling  urea  ad¬ 
hesive  have  increased  steadily  since 
their  commercial  introduction  in  1945. 
Today,  of  the  many  applications  for 
this  adhesive,  four  main  ones  stand 
out:  (1)  for  bonding  decorative  lami¬ 
nates  to  plywood;  (2)  for  bonding 
hardboards,  such  as  Masonite,  particu¬ 
larly  in  the  construction  of  hollow 
core  doors;  (3)  for  general  assembly 
work  such  as  the  bonding  of  butcher 
blocks;  and  (4)  for  home  repairs. 
Each  of  these  main  applications  illus¬ 
trates  one  or  more  properties  of  this 
adhesive  that  are  valuable  and  unique. 
In  bonding  decorative  laminates,  the 
low  pressure  that  can  be  used  not  only 
permits  varied  application  te..*"  liques 
but  it  also  eliminates  grain  register 
through  the  decorative  laminate.  In 
the  manufacture  of  hollow-core  doors, 
low  pressure  is  advantageous  and  the 
reinforcing  action  that  is  obtained  by 
having  a  craze-resistant  bond  of  ad¬ 
hesive  pile  up  at  the  union  of  the  core 
and  face  is  very  desirable.  Further¬ 
more,  extremely  good  Masonite  bonds 
are  obtained  with  this  adhesive.  In 
assembly  work  the  advantage  of  less 
precise  fitting  is  obvious;  a  more 
subtle  advantage  is  the  heat  resistance 
which  permits  the  use  of  baking  fin¬ 
ishes  without  bond  deterioration.  For 
home  repairs,  these  adhesives  are 
almost  ideal.  They  can  be  used  under 
a  wide  variety  of  conditions  without 
careful  attention  to  proportions  of  in¬ 
gredients  and  without  intricate  pres¬ 
sure  systems.  In  short,  Mr.  Handy¬ 
man  finds  he  can  be  handier  if  he  has 
some  craze  resistant  urea  adhesive  at 
hand.  The  relatively  new  gap-filling 
urea  adhesives  are  well  established  in 
the  industry.  Their  continued  growth 
seems  certain. 

During  the  last  ten  years  the  trend 
in  plywood  manufacture  has  been 
away  from  cold  setting  operations  and 
toward  hot  setting  ones.  This  is  read¬ 
ily  understood  when  the  long  clamp 
time  at  room  temperature  is  compared 


with  the  short  cycle  in  the  hot  press. 
However,  with  clamping  time  short¬ 
ened  to  a  few  minutes,  cold  setting 
processes  would  again  be  attractive. 
With  this  in  mind,  the  chemist  be¬ 
gan  working  toward  fast  clamp  adhe¬ 
sives. 

There  are  a  number  of  products  on 
the  market  today  that  have  very  fast 
clamping  times.  Most  of  these  are 
thermoplastic  emulsions  formulated  so 
they  have  an  affinity  for  wood  and  so 
the  emulsion  breaks  when  it  comes  in 
contact  with  and  loses  water  to  the 
wood  it  is  to  bond.  These  particular 
products  Have  two  disadvantages:  (1) 
water  resistance  is  only  fair,  and  (2) 
being  thermoplastic,  the  bonds  fail  at 
somewhat  elevated  temperatures.  Work 
on  the  elimination  of  these  disadvan¬ 
tages  is  underway  in  a  number  of  lab¬ 
oratories;  there  follows  an  account  of 
one  study  along  these  lines. 

Emulsion  adhesives  consist  of  about 
50%  water  and  50%  special  polymer. 
So  much  water  in  the  system  suggests 
that  water  soluble  resins  might  be  used 
to  increase  both  water  resistance  and 
heat  resistance  of  the  adhesive.  Since 
cold  setting  properties  would  be  not 
only  desirable  but  necessary,  the  use 
of  urea-formaldehyde  resins  was  a 
logical  selection  for  the  initial  trials. 

At  first,  mixtures  of  the  emulsion 
and  water  solutions  of  urea-formalde¬ 
hyde  resins  were  studied.  Improve¬ 
ments  in  water  resistance  and  heat  re¬ 
sistance  were  obtained  at  once.  Clamp 
time,  however,  was  lengthened.  Con¬ 
tinued  investigation  indicated  it  would 
be  more  logical,  particularly  from  the 
economic  standpoint,  to  modify  the 
urea  resins  with  latex.  Clamping  time 
now  was  improved  over  the  urea- 
formaldehyde  adhesive  but  still  was 
not  nearly  as  short  as  desired.  Further 
improvement  was  obtained  by  spray 
drying  the  combined  resins.  By  this 
approach  it  was  eventually  possible 
to  produce  a  dry  resin  that  could  be 
re-emulsified  and  handled  much  the 
same  as  a  conventional  urea  adhe¬ 
sive  (2).  In  the  laboratory,  under  ideal 
conditions,  clamp  times  of  only  10 
minutes  have  been  obtained  with  this 
formulation.  In  the  field,  a  minimum 
clamp  time  of  20  minutes  is  the  best 
that  has  been  obtained  to  date. 

The  following  shear  strengths  for 
gum  plywood  and  maple  blocks  are 
typical  of  results  obtained  to  date  with 
this  adhesive. 

3/20"  Gum  Panels 
Clampini;  Time— 20  Minutes 

P.S.I.  %  W.F. 

Dry  Shear _  3.53  100 

Wet  (48-hr.  soak) _  396  86 

CS-3.5-47  (3  hrs.  soak  at  145‘’C.)..  421  82 

CS-3.5-49  (Type  II) _  25  cycles 

Maple  Block  Shear 
(Federal  Specification  C-G-496) 

15-minute  clamp _  24.50  S0% 

30-minute  clamp _  3200  ^0% 


The  uses  for  fast  clamping  adhe¬ 
sives  are  obvious.  Those  who  are  now 
using  cold  set  adhesives  would  wel¬ 
come  such  a  product.  In  the  manufac¬ 
ture  of  hollow  core  doors  where  cold 
setting  is  often  mandatory,  this  prod¬ 
uct  would  be  ideal.  In  lumber  core 
gluing  and  in  assembly  work  a  high 
quality  fast  clamp  urea  adhesive  would 
find  a  ready  market. 

Another  interesting  modification  of 
urea  resins  is  in  the  field  of  wet 
strength  resins  for  paper.  In  this  ap¬ 
plication  the  wet  stren^h  of  the  pajier 
is  increased  from  20  to  50%  of  the 
dry  strength  by  treating  the  paper  pulp 
with  1%  to  5%  of  resin.  When  it  is 
realized  that  only  1%  or  less  pulp  is 
in  the  feed  to  the  paper  machine,  it  is 
recognized  that  the  retention  of  the 
small  amounts  (0.05%  or  less)  of 
resin  may  be  a  problem.  Retention  of 
the  resin  by  the  pulp  depends  mainly 
on  the  following  factors:  molecular 
size  of  the  resin,  constitution  and  ionic 
character  of  the  resin,  presence  of 
electrolyte,  and  nature  of  the  pulp. 
Optimum  characteristics  are  best  ob¬ 
tained  by  modification  of  the  urea 
resin.  The  two  most  common  modi¬ 
fications  can  be  broadly  classified  as 
anionic  and  cationic. 

The  most  common  anionic  urea 
resin  is  sodium  bisulfite  modified. 
Urea,  formaldehyde,  and  sodium  bi¬ 
sulfite  are  reacted  together  first  under 
alkaline  conditions,  then  under  aiidic 
conditions.  The  resulting  water  solu¬ 
ble  viscous  resin  is  commonly  used  in 
conjunction  with  a  precipitating  agent, 
such  as  alum.  After  the  paper  is 
formed,  resin  cure  takes  place  while 
the  paper  is  drying,  and  continues  for 
some  time  thereafter. 

The  positive  charge  on  the  cationic 
urea  wet  strength  paper  resins,  is  ac¬ 
quired  through  the  presence  in  the 
resin  molecule  of  a  basic  nitrogen 
group  in  combination,  with  an  acid.  A 
large  number  of  compounds  can  be 
used  to  modify  the  urea  resin  in  this 
way;  one  of  the  most  common  is  tri- 
C'thylene-tetramine.  The  resin  reaction 
in  this  case  is  similar  to  that  desc  ribed 
for  the  anionic  type,  and  so  is  the 
resin  cure.  However,  in  this  case,  no 
precipitating  agent  is  needed  since  the 
paper  pulp,  being  negatively  ch.irged, 
has  an  ionic  attraction  for  the  cationic 
resin. 

With  either  type  of  resin,  the  im¬ 
parted  wet  strength  depends  on  the 
quantity  of  resin  retained  on  the  pulp- 
Of  the  several  factors  that  influence 
retention,  molecular  size  is  one  t  f  the 
most  important.  In  studies  whc'c  the 
effect  of  resin  molecular  size  o  i  the 
quantity  of  resin  retained  in  the  .’aper 
was  determined,  it  was  found  tli.it  re¬ 
gardless  of  resin  type,  the  retention 
(and  wet  strength)  increases  .is  the 
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molecular  size  of  the  resin  increases 
up  to  a  point  beyond  which  further 
iiv  reases  in  molecular  size  cause  no 
fu  ther  increase  in  retention.  In  the 
formulation  of  such  resins,  it  is  there¬ 
fore  important  to  end  up  with  a  resin 
mt>lccule  that  is  large  enough  to  give 
0[  rimum  retention  and  wet  strength. 

Melamine  resins  are  also  used  as 
w  r  strength  paper  resins.  Here,  too, 
tiv:  resin  is  most  effective  when  it  has 
stK’ie  ionic  character.  Cationic  mela- 
ni  Me  resins  are  commercially  used  to 
th:‘  practical  exclusion  of  other  types. 
TI  cy  are  made  by  forming  a  hydro¬ 
chloric  acid  colloid  by  merely  aging 
the  melamine-formaldehyde  resin  in  a 
dilute  solution  of  hydrochloric  acid 
(  i).  Retention  of  this  resin  is  affected 
by  the  same  factors  that  affect  the  urea 
resins. 

Further  information  about  wet 
strength  resins  and  about  other  water 
soluble  amino  resins  can  be  found  in 
the  article  titled  "Resins  as  Finishing 
Agents”  by  D.  G.  Patterson,  et  al,  in 
the  March  1952  issue  of  Modern 
Plastics. 

Melamine  resins  have  been  found 
to  be  ideally  suited  to  the  manufac¬ 
ture  of  decorative  laminates.  Here  the 
excellent  color  and  color  stability  of 
the  melamine  resins  combine  with 
high  heat  resistance,  extreme  hard¬ 
ness,  and  scratch  resistance  to  form  an 
article  of  great  beauty  and  wide  util¬ 
ity.  Products  of  this  type  are  used  very 
successfully  for  bar  tops,  counter  tops, 
table  tops,  and  the  wearing  surfaces 
of  many  other  articles. 

Melamine  resins  for  laminating  use 
are  generally  of  a  1:2  to  1:3  mela¬ 
mine/formaldehyde  ratio  and  are 
either  spray  dried  or  kettle  dried  and 
shipped  as  powders.  Liquid  resins  have 
also  been  used  but  the  powders  are 
preferred  because  of  better  storage 
stability. 

The  typical  decorative  laminate 
structure  is  quite  simple.  Several  sheets 
of  phenolic  resin  impregnated  Kraft 
paper  forms  the  core  of  the  laminate, 
acting  as  the  main  body  of  the  sheet 
and  also  serving  as  a  hard  dent-proof 
backing  for  the  decorative  surface. 
Dcroration  is  obtained  by  printing  on 
a  highly  pigmented,  high  quality  alpha 
paper.  This  print  sheet  is  impregnated 
with  melamine  resin,  as  is  the  upper¬ 
most  shec-t,  which  is  called  the  over¬ 
lay.  The  overlay  is  3-5  mils  thick,  it 
contains  a  high  percentage  of  resin, 
and  it  is  made  as  transparent  as  pos¬ 
sible.  It  protects  the  print  sheet  from 
WL.ir. 

-'ll  the  papers  are  impregnated  in 
the  usual  way  using  water  or  water- 
alo  ol  solutions  of  melamine  resin. 
Th  are  usually  dried  in  vertical  in¬ 
fra:  i  or  hot  air  ovens.  The  quantity 
of  "  sin  used  in  the  core  is  30-359r, 
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the  print  sheet  45-50%,  and  as  much 
as  70%  in  the  overlay.  The  dried 
papers  are  assembled  in  the  proper 
order,  placed  between  polished  cauls, 
and  pressed  for  15-30  minutes  at  135- 
150°  C.  and  1000-1200  p.s.i.  Com¬ 
mon  practice  is  to  charge  cold  and 
cool  before  opening  the  press.  When 
discharged,  the  laminates  need  only  be 
trimmed  before  they  are  ready  to  be 
glued  to  plywood  or  other  backings 
used  in  table  tops  or  wall  surfaces. 

The  principal  uses  for  amino  resin 
binders  in  forest  products  have  been 
reviewed.  There  has  been  no  attempt 
to  make  this  a  complete  catalog  of 
either  amino  resin  or  applications  for 
amino  resins.  However,  no  effort  of 
this  kind  is  finished  until  some  prog¬ 
nostications,  either  dire  or  wonderful, 
are  made.  This  is  a  fitting  custom,  for 
when,  if  not  on  an  occasion  like  this, 
could  the  chemist  step  out  of  char¬ 
acter  long  enough  to  be  a  fortune 
teller?  Of  course,  it  must  be  under¬ 
stood,  just  as  it  is  with  "Gypsy  Joe”, 
there  are  no  guarantees. 

No  crystal  ball  is  needed  to  predict 
a  great  future  for  the  hardboard,  the 
chipboard,  the  sawdust  board,  or  what¬ 
ever  name  is  preferred.  Regardless  of 
title,  this  board  is  certain  to  play  a 
more  and  more  important  role  in  the 
economy  of  the  country.  The  ever- 
increasing  shortage  of  fine  veneers  and 
full  grown  trees  emphasizes  the  logic 
behind  this  prediction.  While  they  are 
already  used  in  large  volume  in  this 
growing  field,  amino  resins  with  their 
good  water  resistance,  excellent  color, 
fast  cure,  and  reasonable  price,  will  be 
used  in  still  greater  quantities. 

Next,  and  closely  related  to  the 
hardboard,  is  the  upgraded  board. 
This  includes  the  low  grade  plywood, 
the  hardboard,  the  woodwaste  board, 
etc.  that  has  been  covered  with  resin 
impregnated  paper,  plastic  film,  or 
some  other  surface.  One  can  visualize 
such  surfaces  all  the  way  from  a 
single  sheet  of  urea  resin  impregnated 
Kraft  paper  to  an  assembly  of  two  or 
three  sheets  of  finest  alpha  paper  im¬ 
pregnated  with  melamine  resins.  Truly, 
the  amino  resins  have  a  great  future 
here. 

The  third  vision  is  akin  to  the  first 
two.  As  the  great  American  forests 
become  depleted  and  Americans  are 
forced  to  rely  almost  entirely  on  the 
farmed  forest  of  small  trees,  sandwich 
cored  materials  with  paperboard  cen¬ 
ters  and  hardboard,  veneer,  or  plastic 
laminate  surfaces  will  find  ever- 
increasing  uses.  Again,  amino  resin 
binders  and  impregnants  will  find  an 
expanding  market. 

There  seems  to  be  a  great  future 
for  laminates  of  dissimilar  materials. 
For  instance,  clapboards  made  of  hard¬ 
board  surfaced  with  very  thin  stainless 


steel  would  be  light,  strong,  and  ever¬ 
lasting.  Sheathing  coated  with  alumi-  * 
num  would  have  greater  strength  and 
durability;  it  would  insulate,  and  it 
would  be  a  vapor  barrier.  Other  dis¬ 
similar  laminates  have  special  strength 
properties;  for  instance,  single  veneers 
laid  in  the  same  direction  and  bonded 
to  either  side  of  a  piece  of  glass  cloth 
have  unexpected  strength.  Before 
combinations  of  materials  such  as  these 
are  commonplace,  new  or  improved 
low-cost  adhesives  will  have  to  be  de¬ 
veloped.  This  is  a  challenge  to  the 
chemist;  he  is  sure  to  meet  it. 

Foretelling  the  future  is  a  fascinat¬ 
ing  game,  since  it  usually  entails  so 
little  responsibility  and  yet  offers  the 
chance  a  prediction  will  come  true  to 
justify  the  oracle’s  optimism.  How¬ 
ever,  once  started,  there  is  danger  this 
game  might  run  on  and  on  ad  in- 
finitum;  so  reluctantly,  this  phase  of 
the  paper  is  concluded. 

This  paper  has  described  the  sev¬ 
eral  types  of  amino  resin  binders  and 
adhesives.  It  has  pointed  out  that  the 
good  color,  the  fast  cure,  the  durable 
bonds,  and  the  versatility  of  these 
products  assure  their  future  growth. 
The  newer  modifications  of  the  urea 
resins,  the  gap-filling  adhesive,  the 
melamine  modified  resin  for  exterior 
use,  the  fast  clamping  cold  set  glue, 
and  the  wet  strength  paper  resins  are 
only  in  their  infancy.  This  is  also  true 
of  the  melamine  resins.  Future  resin 
developments  in  this  field  will  un¬ 
doubtedly  add  to  the  list  of  growing 
products.  In  the  new  applications  that 
have  been  forecast,  amino  resins  will 
also  play  a  major  role.  Surely  the 
future  of  amino  resins  will  be  influ¬ 
enced  by  the  future  of  forest  products, 
and  vice  versa. 
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Discussion 

M.  M.  Selbo:  Arc  high  tempera¬ 
ture  cures  harmful  for  urea  resins? 

Detu’iler;  Yes  300°F  is  too  high — 
there  is  a  tendency  to  overcure. 

M.  yVl.  Selbo:  Are  acid  cures  harm¬ 
ful? 

Dettviler:  Very  acidic  phenolics 

seem  to  attack  the  wood  cellulose  thus 
resulting  in  poor  bonds.  Ureas  are  not 
usually  used  with  such  strong  acids. 

(Continued  on  page  218) 


49 


Durability 


of  Woodworking  Glues  in  Different  Types 
of  Assembly  Joints' 


M.  L.  SELBO 

Chemical  Engineer 
and 

W.  Z.  OLSON 

Technologist,  Forest  Products  Lahoratory,®  Forest  Service,  U.  S.  Department  of  Agriculture 


Seven  types  of  assembly  joints  commonly  used  in  furniture  were 
glued,  each  with  1 1  different  glues  representing  6  glue  types.  Rep¬ 
resentative  groups  of  specimens  were  exposed  to  repeating  cycles  that 
caused  the  moisture  content  of  the  samples  in  the  group  to  change 
from,  approximately,  6  percent  to  11  percent,  6  percent  to  16  per¬ 
cent,  and  6  percent  to  20  percent,  respectively.  Specimens  of  each 
joint  from  each  group  were  tested  at  intervals  over  a  period  of  36 
months.  Side-to-side  grain  joints  were  least  affected  by  the  moisture 
content  changes,  and  the  blocked  joints  were  the  most  affected,  with 
the  loss  in  strength  of  the  blocked  joints  being  particularly  marked  in 
the  more  severe  cycles.  Under  the  most  severe  cycle,  the  resorcinol 
and  the  phenol-resorcinol  glues  were  generally  the  most  resistant  to 
weakening.  The  polyvinyl-resin  glue  performed  well  in  the  dowel  and 
in  the  slip  or  lock  joints. 

The  data  have  been  presented  in  detail  to  illustrate  variations 
of  test  results  between  different  types  of  joints  and  between  different 
groups  of  samples  of  the  same  type  of  joint,  as  well  as  the  general 
behavior  under  different  conditions  of  exposure.  The  variations  sug¬ 
gest  caution  in  interpreting  the  exact  reproducibility  of  results,  espe¬ 
cially  the  significance  of  differences  among  the  glues  in  the  different 
joints  and  exposures,  but  the  general  trends  are  believed  to  be  re¬ 
liable  and  of  interest  to  furniture  mamjfacturers  and  others  producing 
similar  assembly  joints. 


Introduction 

STANDARD  PLYWOOD  shear  test  speci¬ 
mens  (A.S.T.M.  906-409)  have  been 
widely  used  in  studies  of  the  durabil¬ 
ity  of  woodworking  glues.  Since  the 
stresses  in  various  types  of  furniture 
assembly  joints  may  vary  considerably 
from  those  that  develop  in  plywood 
under  changing  moisture  conditions, 
it  was  thought  desirable  to  study  the 
performance  of  glues  in  such  com¬ 
monly  used  joints  as  mortise-and-tenon 
joints,  slip  or  lock  joints,  block  joints, 
dowel  joints,  and  edge  joints,  as  well 
as  in  less  commonly  used  joints  such 
as  end-grain-to-side-grain  and  45° 
end-grain-to-side-grain  joints. 

The  work  was  done  in  cooperation 
with  the  Research  and  Development 
Division  of  the  Office  of  the  Quarter¬ 
master  General,  Department  of  the 
Army.  Since  this  agency  must  supply 

This  work  was  done  in  cooperation  with 
the  Research  and  Development  Division,  Office 
of  the  Quartermaster  General,  and  was  financed 
in  part  by  that  agency. 

»  Maintained  at  Madison,  Wis.,  in  coopera¬ 
tion  with  the  University  of  Wisconsin. 


office  equipment,  furniture,  field 
equipment,  and  other  items  to  mili¬ 
tary  bases  in  widely  separated  parts  of 
the  world,  glue  joints  are  needed  that 
will  be  durable  under  wide  variations 
in  climatic  conditions.  For  this  reason 
rather  wide  variations  in  moisture  con¬ 
ditions  were  chosen  for  the  exposure 
tests  in  this  study. 

Procedures 

The  seven  types  of  joints  used  in 
this  study  are  shown  in  figure  1.  The 
species  was  hard  maple  of  clear  and 
fairly  straight-grained  material.  The 
side-grain-to-side-grain  specimens  were 
exposed  in  the  form  shown,  figure  1, 
G,  but  were  tested  in  compression- 
shear  after  cutting  five  shear  block 
specimens  from  each  joint.  All  other 
types  of  joints  were  prepared,  exposed, 
and  tested  in  the  forms  shown  in  fig¬ 
ure  1.  The  formulas  of  the  glues  used 
are  given  in  table  1.  All  of  the  wood 
members  were  at  approximately  6  per¬ 
cent  moisture  content  when  glued.  In 


general,  the  wood  parts  were  machin  .d 
shortly  before  gluing,  using  conven¬ 
tional  woodworking  equipment,  with 
special  care  being  taken  to  insure  ti.at 
all  specimens  of  one  type  were  i,,a- 
chined  as  nearly  as  possible  to  tne 
same  tolerance.  The  dowels  were  cc  n- 
mercially  made  with  spiral  grooves 
and,  in  addition,  had  two  strai^'ht 
grooves  running  the  length  of  the  pu. 
The  ends  were  chamfered  to  blint 
points.  The  diameters  of  the  dowds 
and  of  the  holes  (fig.  1,  A)  were 
measured,  and  dowels  and  blocks  we  re 
paired  to  give  a  difference  of  0.005  to 
0.007  inch  between  hole  and  dowel 
diameters  in  each  specimen.  Gener¬ 
ally,  glue  was  applied  to  both  joint 
surfaces  by  hand  spreading  and  the 
joints  were  assembled  immediately. 
Dowel  and  mortise-and-tenon  speci¬ 
mens  were  forced  together  and  held 
in  a  vise  for  approximately  1  minute 
before  release  for  final  curing  without 
external  pressure.  The  blocked  joint 
(fig.  1,  C)  was  assembled  in  a  jig 
immediately  after  spreading,  screwed 
together,  and  then  removed  from  the 
jig.  The  other  specimens  (fig.  1,  E, 
F,  and  G)  were  held  under  a  pres¬ 
sure  of  approximately  125  pounds  per 
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square  inch  for  16  hours  after  assem¬ 
bly.  All  joints  were  assembled  at  nor- 
j  lal  room  temperature  (70°  to  80°  F.) 
^.nd  were  then  cured  at  a  temperature 
uf  80°  F.  and  30  percent  relative  hu¬ 
midity  for  at  least  7  days  before  con¬ 
trol  tests  were  made.  The  screws  were 
i:moved  from  the  blocked  joint  (fig. 
i,  C)  before  testing. 

Ten  specimens  of  each  type  with 
( ich  glue  were  selected  randomly  and 
tisted  before  exposure  to  furnish  an 
average  control  value  (0  month  of 
.xposure,  tables  2  to  7,  inclusive). 
One  group  of  specimens  of  each  type 
of  joint  was  exposed  to  each  of  the 
following  conditions: 

1.  A  repeating  cycle  consisting  of 
4  weeks  in  air  at  65  percent  rela¬ 
tive  humidity,  followed  by  4 
weeks  in  air  at  30  percent  rela¬ 
tive  humidity,  both  at  80°  F. 
During  this  cycle  the  moisture 
content  of  the  specimens  would 
change  from  about  6  to  11  per¬ 
cent. 

2.  A  repeating  cycle  consisting  of  4 
weeks  in  air  at  80  percent  rela¬ 
tive  humidity,  followed  by  4 
weeks  in  air  at  30  percent  rela¬ 
tive  humidity,  both  at  80°  F. 
During  this  cycle  the  moisture 
content  of  the  specimens  would 
change  from  about  6  to  16  per¬ 
cent. 

3.  A  repeating  cycle  consisting  of 
4  weeks  in  air  at  90  percent  rela¬ 
tive  humidity,  followed  by  4 
weeks  in  air  at  30  percent  rela¬ 
tive  humidity,  both  at  80°  F. 
During  this  cycle  the  moisture 
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Figure  1. — Seven  types  of  joints  used  in  durability  tests.  A,  dowel  joint;  mortise- 
and-tenon;  C,  blocked;  D,  slip  (or  lock);  E,  end-grain-to-side-groin;  F,  45  degree  end- 
grain-to-side-groin;  and  G,  side-grain-to-side-grain. 


Figure  2. — Mortise-and-tenon  joint  (B)  and  block  joint  (C)  in  position  for  test. 


-GLUE  FORMULAS  USED  IN  MAKING  ASSEMBLY  JOINT  SPECIMENS 
Ingredients  and  amounts  >  used  in  glues 


Glue 

Resin 

desig- 

or  glue 

Preserv- 

nation 

Basic  glue  type 

solids* 

Water 

Hardener 

ative 

A13 

100 

200 

A3* 

100 

168 

<32.0 

A4* 

100 

200 

«  .5 

B2 

100 

210 

*  5.0 

D2 

100 

65 

91.00 

D12 

100 

12.00 

D13 

100 

55 

1  1 

F 

100 

25.00 

G1 

Phenol-resorcinol-resin _ 

•*100 

_ 

20.00 

I 

Phenol-resin  (acid-catalyzed) _ 

100 

... 

12.00 

J2 

Polyvinyl-resin  emulsion _ 

•3100 

_ 

Walnut- 

shell 

flour  Other 


10  •01.2(1 


•  In  parts  by  weight. 

(•Includes  solvent  or  vehicle  when  the  glue  (or  resin)  was  received  in  liquid  form. 

^The  animal  glue  used  was  J2  grade,  in  accordance  with  Federal  Speciflcations. 
proprietary  preservative  solution. 

OA  proprieta^  coagulant  was  applied  to  one  of  the  mating  surfaces. 

oA  preservative  containing  6.25  percent  ethyl  mercury  phosphate  as  the  active  ingredient. 

^Aqueous  10  percent  formaldehyde  solution  was  applied  as  a  coagulant  to  one  of  the  mating  surfaces. 
oSodium  pentach  orophenate. 

OAmmonium  chloride. 

•  oTricalcium  phosphate  as  a  bufler  in  the  hardener. 

•  •  Hardener  was  incorporated  in  the  resin. 

•^Resin  solution,  containing  about  50  percent  resin  solids. 

•®A  liquid  glue,  used  as  received. 


content  of  the  specimens  would 
change  from  about  6  to  20  per¬ 
cent. 

The  80-30  percent  relative  humid¬ 
ity  exposure  was  added  after  an  ap¬ 
preciable  amount  of  data  had  been 
obtained  from  the  two  other  expo¬ 
sures.  The  purpose  of  the  additional 
exposure  was  to  determine  if  glues 
that  showed  deterioration  of  joint 
strength  in  the  90-30  exposure  would 
maintain  their  strength  in  the  less 
severe  exposure.  For  this  reason  glues 
that  performed  well  in  the  more  severe 
exposure  were  omitted  from  the  milder 
80-30  exposure.  One  type  of  joint, 
the  45°  end-grain  to  side-grain,  was 
also  omitted  because  the  results  ob¬ 
tained  with  it  in  the  earlier  tests  were 
somewhat  similar  to  those  obtained 
with  the  end-grain-to-side-grain  joint. 

Tests  were  made  after  6,  12,  18, 
24,  and  36  .  months  of  exposure.  Five 
specimens  of  each  type  of  joint  made 
with  each  glue  and  from  each  expo¬ 
sure  condition  were  selected  randomly 
and  tested  after  each  period.  The  test¬ 
ing  was  done  at  the  end  of  the  low- 
humidity  part  of  the  cycle.  Dowel, 


mortise-and-tenon,  end  -  to  -  side  -  grain, 
and  45°  end-grain-to-side-grain  speci¬ 
mens  were  tested  by  forcing  them 
apart  in  suitable  jigs  so  that  the  glue 
joints  were  in  tension-shear  or  tension 


(fig.  2,  B).  The  blocked  joints  an  1 
slip  joints  were  tested  in  compression 
by  loading  at  the  corners  with  the  tw  » 
sides  free  to  move  apart  on  the  bed  c' 
the  test  machine  (fig.  2,  C).  All  tes.^. 
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Figure  3. — Performance  of  various  glues  in  dowel  joints  exposed  to  repeating  cycles 
of  65—30,  80—30,  and  90—30  relative  humidity,  all  at  80°  F. 
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./ere  made  in  a  hydraulic  test  machine 
./ith  a  rate  of  head  movement  of  0.025 
.iich  per  minute.  The  side-to-side-grain 
pecimens  (fig.  1,  G)  were  cut  into 
ve  separate  block-shear-type  speci- 
lens,  each  with  a  test  area  of  ^  by 
1/2  inches,  after  exposure,  and  these 
/lecimens  were  tested  in  a  hydraulic 
l.st  machine  in  the  manner  prescribed 
,1  ASTM  Method  D905-49. 

For  the  sake  of  convenience  in  nota- 
^  on,  cyclic  tests  Nos.  1,  2,  and  3  will 
':enerally  be  referred  to,  respectively, 
.>  the  65-30,  the  80-30,  and  the 
‘M)-30  exposures  or  cycles. 

Results  and  Conclusions 

The  test  results  are  given  in  tables  2 
to  7,  inclusive.  Tables  3,  5,  and  7 
were  prepared  in  order  to  facilitate 
evaluation  of  the  test  results.  The 
highest  average  control  test  value  de¬ 
veloped  by  any  one  glue  (in  tables  2, 
4,  and  6)  for  each  type  of  joint  was 
chosen  as  the  basis  for  comparison  of 
all  glues  at  each  test  period  with  this 
type  of  joint.  All  other  test  values  for 
a  particular  type  of  joint  were  ex¬ 
pressed  as  a  percentage  of  this  highest 
average  control  value.  This  method 
was  selected  because  of  the  wide  varia¬ 


tion  in  control  test  values  for  the  dif¬ 
ferent  glues  in  the  same  type  of  joint 
and  because  it  provided  a  direct  com¬ 
parison  of  the  performance  of  the  dif¬ 
ferent  glues  in  the  joint  involved. 

Bar  graphs  of  the  percentages  given 
in  tables  3,  5,  and  7  are  shown  in 
figures  3  to  8,  inclusive.  In  these  fig¬ 
ures  the  glues  are  arranged  in  order 
of  increasing  joint  strength,  expressed 
in  percent  of  a  common  basis  for  each 
type  of  joint,  to  facilitate  ready  com¬ 
parison  of  their  performances.  Since 
the  performance  of  the  45°  end-grain- 
to-side-grain  joint  was  not  widely  dif¬ 
ferent  from  that  of  the  end-grain-to- 
side-grain  joint,  the  results  of  only 
the  latter  are  shown  graphically. 

The  results  for  the  different  types 
of  joints  are  discussed  in  the  follow¬ 
ing  paragraphs. 

Dowel  Joints:  In  the  dowel  joints 
(fig.  3)  the  polyvinyl- res  in  emulsion 
glue  retained  the  highest  percentages 
of  the  control  strength  after  36 
months  in  all  three  exposures.  The  re¬ 
tained  strength  was  nearly  100  per¬ 
cent  in  the  65-30  percent  relative 
humidity  cycle,  and  about  two-thirds 
of  the  control  strength  in  the  80-30 
and  90-30  percent  relative  humidity 


cycles.  The  phenol-resorcinol-resin 
glue  was  next  in  strength  retention  in 
the  most  severe  and  in  the  mildest 
cycle,  but  was  third  (after  the  poly¬ 
vinyl-resin  and  resorcinol-resin  glues) 
in  the  80-30  percent  relative  humid¬ 
ity  cycle.  The  order  of  decreasing 
strength  retention  (including  all  glues 
used)  in  the  90-30  cycle  was  as  fol¬ 
lows:  polyvinyl-resin,  phenol-resorci¬ 
nol,  resorcinol,  noncrazing  urea-resin 
(D12),  acid-catalyzed  phenol-resin, 
urea-resin,  casein,  and  animal.  (Both 
modifications  of  animal  glue  contained 
preservative  and  coagulant.) 

The  average  strength  retained  in  the 
dowel  joint  after  3  years  in  the  90-30 
percent  relative  humidity  exposure 
varied  from  a  low  of  1  percent  of  the 
control  with  the  animal  glue  A4  to  a 
high  of  63  percent  with  the  polyvinyl 
emulsion  glue  J2. 

Mortise-tenon  Joints:  In  the  mor- 
tise-and-tenon  joints  (fig.  4)  the  phe¬ 
nol-resorcinol  and  the  resorcinol  glues 
were  among  the  three  top  performers 
after  36  months  in  all  three  exposures. 
The  noncrazing  urea  (D12)  retained 
the  highest  strength  in  both  of  the 
two  milder  exposures,  and  the  acid- 
catalyzed  phenol-  and  the  phcnol- 
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Figure  4. — Performance  of  various  glues  in  mortise-ond-tenon  joints  exposed  to  repeating  cycles  of  65—30,  80—30,  and 

90—30  relative  humidity,  all  at  80  degrees  F. 
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resorcinol  resin  retained  the  highest 
strength  in  the  most  severe  exposure. 
In  this  latter  exposure  (90-30  cycle), 
however,  the  noncrazing  urea  was 
sixth  from  the  top  in  strength  re¬ 
tained.  Casein  glue  retained  least 
strength  in  all  three  exposures.  Poly¬ 
vinyl-resin  glue  was  next  to  the  bot¬ 
tom  in  performance  in  the  mildest  ex¬ 
posure,  and  fifth  from  the  top  in  both 
of  the  most  severe  exposure  cycles. 
The  animal  glues  were  in  general  in 
the  lower  range  on  the  performance 
list,  with  the  ordinary  urea  glues  in 
about  the  same  position  or  slightly 
above.  The  noncrazing  urea  resin 
(Dl2)  appeared  to  have  some  advan¬ 
tage  over  the  unmodified  urea  resins 
(D2  and  Dl3)  in  the  65-30  and 
80-30  cycles. 

In  the  mortise-and-tenon  joints  the 
average  strength  retained  after  36 
months  in  the  90-30  percent  relative 
humidity  exposure  varied  from  a  low 
of  13  percent  with  the  casein  glue  to 
a  high  of  52  percent  with  the  acid- 
catalyzed  phenol  and  the  phenol- 
resorcinol.  Although  the  highest  per¬ 
centage  of  strength  retained  with  the 


mortise-and-tenon  joint  (52  percent) 
was  lower  than  the  highest  retained 
with  the  dowel  joint  (63  percent), 
higher  strength  percentages  generally 
were  retained  with  the  mortise-and- 
tenon  joint  than  with  the  dowel  joint. 

Blocked  Joints:  Of  all  the  joints 
tested,  the  blocked  joint  (fig.  5)  was 
most  affected  by  the  exposures,  with 
all  of  the  glues  losing  considerable 
strength  even  in  the  mild  65-30  cycle. 
Because  of  the  severe  shrinking  and 
swelling  stresses  that  develop  in  this 
joint  during  even  moderate  changes  in 
moisture  content,  retention  of  a  high 
percentage  of  the  original  strength 
cannot  be  expected. 

Among  the  adhesives  used,  the  re¬ 
sorcinol-resin  glue  retained  the  high¬ 
est  level  of  strength  in  the  two  most 
severe  cycles,  but  this  level  amounted 
to  only  1 5  percent  of  the  control 
strength  after  36  months  in  the  90-30 
cycle.  The  phenol-resorcinol  glue  was 
next  in  durability  in  this  cycle,  and 
the  remaining  eight  glues  retained 
from  0  to  4  percent  of  the  control 
strength  after  36  months  of  exposure. 
In  the  80-30  relative  humidity  cycle 


the  order  of  decreasing  strength  reten¬ 
tion  placed  the  glues  as  follows:  re¬ 
sorcinol,  acid-phenol,  phenol-resorci¬ 
nol,  polyvinyl-resin,  urea,  casein,  and 
animal  glue. 

Slip  or  Lock  Joints:  In  the  slip  or 
lock  joint  (fig.  6)  the  strength  re¬ 
tained  after  36  months  varied  from 
62  to  95  percent  for  the  different 
glues  in  the  65-30  exposure,  from  36 
to  83  percent  in  the  80-30  exposure, 
and  from  14  to  57  percent  in  the  90- 
30  exposure.  The  polyvinyl,  acid- 
phenol,  resorcinol,  and  phenol-resorci- 
nol-resin  glues  in  general  retained  the 
highest  joint  strength.  These  were  fol¬ 
lowed  by  the  ureas,  the  casein,  and 
the  animal  glues  in  about  that  order, 
depending  upon  the  particular  expo 
sure.  The  noncrazing  urea  (Dl2) 
gave  about  the  same  performance  as 
the  conventional  urea-resin  glues  ir 
this  type  of  specimen. 

End -grain -to -side -grain  Joints- 
The  resorcinol-resin  glue  was  outstand 
ing  in  performance  in  this  type  o* 
joint,  retaining  85  percent  of  the  con 
trol  strength  after  36  months  in  tht 
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Figure  5. — Performance  of  various  glues  in  blocked  joints  exposed  to  repeating  cycles  of 
65—30,  80—30,  and  90—30  relative  humidity,  all  at  80  degrees  F. 
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Figure  7. — Performance  of  various  glues  in  end-grain-to-side-groin  joints  exposed  to  repeating 
cycles  of  65—30,  80—30,  and  90—30  relative  humidity,  all  at  80  degrees  F. 
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most  severe  exposure  (fig.  7).  The 
other  glues  lost  most  of  their  joint 
strength  after  36  months  in  this  expo¬ 
sure,  with  the  exception  of  the  poly¬ 
vinyl  and  the  animal  glue  A4,  which 
retained  39  and  20  percent,  respec¬ 
tively,  of  the  control  strength.  In  the 
80-30  cycle,  the  lowest  strength  re¬ 
tained  was  15  percent  (animal  glue 
A4),  and  the  order  of  decreasing 


strength  retained  after  36  months  was 
about  as  follows:  polyvinyl,  resorcinol, 
acid-catalyzed  phenol,  casein,  urea- 
resins,  phenol-resorcinol,  and  animal 
glue.  The  performance  of  the  glues 
was  in  much  the  same  order  in  the 
45°  end-grain-to-side-grain  joint,  ex¬ 
cept  that  the  phenol-resorcinol-resin 
glue  rated  the  highest  performance  in 
this  latter  joint.  In  the  more  severe 


exposure  cycle,  the  45°  end-grain-to- 
side-grain  joints  generally  did  not  de¬ 
teriorate  so  much  as  did  the  end-grain- 
to-side-grain  joints,  particularly  with 
certain  glues. 

Side-grain-to-side*grain  Joints:  In 
the  side-grain-to-side-grain  joints  (fig. 
8)  there  were  in  general  smaller  losses 
of  strength  after  36  months  of  expo¬ 
sure  than  with  any  other  type  of  joint. 
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Figure  8. — Performance  of  various  glues  in  side-grain-to-side-grain  joints  exposed  to  repeating 
cycles  of  65—30,  80—30,  and  90—30  relative  humidity,  all  at  80  degrees  F. 


Figure  9. — Camparison  of  percentages  of  control  strength  values  retained  by  different  types  of  assembly  joints  after  36  months  o  ex¬ 
posure  to  o  repeoting  cycle  consisting  of  4  vreeks  in  air  at  90  percent  humidity  followed  by  4  weeks  in  air  at  30  percent  relative  hum  dity. 
both  at  80  degrees  F.  (Data  from  table  7.)  < 


56 


DECEMBER,  l'^3 


Tvo  glues,  the  polyvinyl  resin  and 
th  noncrazing  urea  resin  (Dl2), 
hu'vever,  had  failed  almost  completely 
at'  "r  36  months  in  the  90-30  expc^^ 
su  e.  The  remaining  glues  retained 
fr.  m  a  low  of  58  percent  (urea  D2) 
to  a  high  of  99  percent  (phenol- 
rc  orcinol  Gl)  in  this  cyclic  exposure. 

T  -■  polyvinyl  resin  and  the  noncraz- 
in  :  urea  resin  (Dl2)  also  performed 
iTiv.re  poorly  than  the  other  two  glues 
te-ied  in  the  80-30  cycle.  (Only  four 
gi  ;cs  were  included  with  this  type  of 
jouit  in  the  80-30  cycle.) 

In  the  65-30  exposure,  the  strength 
rct.iined  ranged  from  83  percent  (acid 
phenol  I)  to  112  percent  (animal  glue 
A3),  and  this  included  all  adhesives 
used. 

Comparison  of  the  Durability  of 
Different  Types  of  Joints 

A  comparison  of  percentages  of 
control  strength  values  retained  by  six 
of  the  different  types  of  assembly 
joints  after  36  months  of  exposure  to 
the  90-30  cycle  is  given  in  figure  9. 

The  side-grain-to-side-grain  joints, 
in  general,  were  the  least  affected  by 
the  cyclic  exposures,  even  though  two 
glues  practically  failed  completely  (in 
the  90-30  cycle) .  It  was  the  only  joint 
in  which  animal  and  casein  glues  per¬ 
formed  well  in  the  most  severe  expo¬ 
sure. 

The  other  types  of  joints,  in  gen¬ 
eral,  were  in  the  following  order  of 
decreasing  durability,  based  on  the 
percentage  of  the  control  strength  re¬ 
tained  in  the  90-30  exposure:  slip  or 
lock  joint,  45°  end-grain-to-side -grain 
joint,  mortise-and-tenon  joint,  dowel 
joint,  end-grain-to-side-grain  joint,  and 
blocked  joint.  The  blocked  joint  was 
particularly  low  in  durability. 

Comparison  of  the  Effects  of 
Different  Exposures 

Effects  of  the  three  different  expo¬ 
sure  cycles  on  two  of  the  types  of  joints 
tested  are  shown  in  figure  10.  In  the 
blocked  joint  which,  as  mentioned 
earlier,  showed  the  poorest  perform¬ 
ance  of  all  the  joints  tested,  there  was 
a  severe  drop  in  strength  retained  in 
the  SO-30  exposure  as  compared  with 
the  65-30  exposure;  and,  as  would  be 
expected,  the  drop  in  joint  strength 
was  still  greater  in  the  90-30  expo¬ 
sure.  In  the  mortise-and-tenon  joint 
the  decrease  in  joint  strength  with  in¬ 
creased  severity  of  exposure  was  also 
obvious,  but  the  percentages  of  the 
control  values  retained  were  much 
grc.ifcr  than  for  the  blocked  joint. 

Coi.  ;)arison  of  the  Performance  of 
Different  Glues 

I  ’iC  phenol-resorcinol-resin  glue  and 
the  -sorcinol-resin  glue  retained  most 
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Figure  10. — Effect  of  different  exposures  on  joint  strength  retained  after  36  months 
in  mortise-and-tenon  and  blocked  joints.  The  exposures  consisted  of  4  weeks  in  air  at  65, 
80,  or  90  percent  relative  humidity  followed  by  4  weeks  in  air  at  30  percent  relative 
humidity  in  a  repeating  cycle  for  36  months.  The  temperature  was  80  degrees  F. 


consistently  the  highest  percentage  of 
the  control  joint  strength.  The  poly¬ 
vinyl-resin  emulsion  glue  was  espe¬ 
cially  durable  in  the  dowel  joint  and 
in  the  slip  or  lock  joint,  but  performed 
poorly  in  the  side-grain-to-side-grain 
joint,  particularly  in  the  90-30  expo¬ 
sure.  The  animal  glues  and  the  casein 
glue  were  generally  the  least  durable, 
except  in  the  side-grain-to-side-grain 
joint,  while  the  acid -catalyzed  phenol- 
resin  and  the  urea-resin  glues  were 
generally  intermediate  in  most  joints. 
The  noncrazing  urea  (Dl2)  per¬ 
formed  somewhat  better  than  the  or¬ 
dinary  ureas  in  the  dowel  and  in  the 
mortise-and-tenon  joints  in  some  cy¬ 
cles,  but  performed  definitely  more 
poorly  than  the  ordinary  ureas  in  the 
side-grain-to-side-grain  joint,  particu¬ 
larly  in  the  90-30  cycle. 

Animal  glue  has  probably  been  the 
most  widely  used  assembly  glue,  with 
the  polyvinyl-resin  emulsion  glues 
coming  into  wider  use  in  recent  years. 
These  two  types  develop  a  high  de¬ 
gree  of  joint  strength  rather  rapidly, 
which  is  an  advantage  because  it  per¬ 
mits  early  handling  of  the  glued  as¬ 
sembly  without  danger  of  injuring  the 
joints. 

Casein  glue  has  generally  been  con¬ 
sidered  suitable  for  joints  in  products 
that  would  be  used  under  conditions 
where  the  moisture  content  of  the 
wood  would  not  exceed  20  percent 
for  repeated  or  prolonged  periods. 
The  basis  for  this  has  been  data  on 
laminated  construction  and  thin  ply¬ 


wood.  In  this  study  of  assembly  joints, 
however,  the  only  joint  in  which 
casein  glue  performed  well  when  the 
moisture  content  approached  20  per¬ 
cent  was  the  side-grain-to-side-grain 
joint.  In  joints  where  the  stresses  due 
to  differential  shrinkage  and  swelling 
were  more  severe,  casein  glue  did  not 
perform  well,  particularly  when  the 
moisture  content  approached  20  per¬ 
cent. 

Discussion 

S.  T.  Pryce  (John  Widdicomb  Co.)  : 
What  glue  is  test  for  supported  joint? 

Mr.  Selbo:  That  would  depend 
somewhat  on  what  type  of  service  con¬ 
ditions  you  have  in  mind  and  proba¬ 
bly  also  on  the  species.  As  you  will 
notice  from  the  data,  some  glues  re¬ 
tained  their  strength  much  better  than 
others.  If  a  less  dense  species  had  been 
used  the  reduction  in  joint  strength 
probably  would  have  been  less. 

Wayne  F.  Hutchins  (Baker  Furni¬ 
ture  Co.) :  What  caused  the  deteriora¬ 
tion  in  joint  strength? 

Mr.  Selbo:  Probably  for  most  of  the 
adhesives  the  loss  in  joint  strength  was 
caused  by  shrinkage  and  swelling 
stresses.  For  some,  such  as  animal  glue, 
the  higher  moisture  contents  probably 
had  some  effect. 

Richard  Blomquist  (Forest  Products 
Laboratory)  :  Some  glues  softened. 

Robert  Snider  (Franklin  Glue  Co.)  : 
How  do  stresses  vary? 

(Continued  on  page  220) 
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Hardwoods  are  a  detriment  to  the  growth  of  more  desirable  soft¬ 
woods  in  important  forested  areas.  Yet  they  represent  one  of  the 
last  frontiers  of  wood  supplies  for  several  of  the  forest  products  in¬ 
dustries,  importantly  the  pulp  and  paper  industry.  The  processes  of 
this  industry  may  be  considered  tools  for  utilizing  these  unwanted 
hardwoods.  All  of  the  conventional  pulping  methods  and  the  newer 
semichemical  methods  can  be  used  with  hardwoods,  although  some 
are  better  than  others. 

The  semichemical  processes,  including  the  recently  developed 
cold  soda  process;  the  coarse  fiber  processes  for  making  felt  and 
wallboard  stocks;  the  sulfate  process,  including  its  refinement  of  pre¬ 
hydrolysis;  and  the  groundwood  process  with  its  variation  in  the 
chemigroundwood  process,  are  described  as  being  especially  suitable 
for  hardwoods.  Examples  of  the  successful  application  of  these 
methods  in  research  at  the  Forest  Products  Laboratory  are  given.  The 
possibilities  of  the  sulfite  and  soda  processes  are  also  discussed. 


Introduction 

MPERFECT  BALANCE  in  the  growth- 

drain  relations  of  the  forests  in  this 
country  has  caused  much  "viewing 
with  alarm”  during  the  long  history 
of  wood  utilization — and  with  consid¬ 
erable  justification.  One  part  of  the 
picture  that  is  still  causing  distress 
among  foresters  is  the  over-growth  of 
the  hardwoods,  especially  the  so-called 
weed  types.  It  is  well  known  that  they 
are  a  detriment  to -the  growth  of  the 
more  valuable  softwoods.  Control,  or 
attempted  control,  has  sometimes 
taken  the  form  of  disposal  at  some 
cost  instead  of  utilization.  Paradoxi¬ 
cally,  the  hardwoods  themselves  are 
one  of  the  last  frontiers  of  wood  sup¬ 
ply  standing  ready  to  help  meet  the 
ever  expanding  requirements  of  the 
wood-using  industries,  particularly  the 
pulp  and  paper  industry.  Fortunately, 
the  hardwoods  have  recently  been  rec¬ 
ognized  as  desirable  contributors  to 

'  Maintained  at  Madison,  Wis.,  in  coopera¬ 
tion  with  the  University  of  Wisconsin. 
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the  economy  of  the  forests.  For  ex¬ 
ample,  the  formerly  ill-regarded  aspen 
is  now  being  cultivated  in  the  Lake 
States,  and  appreciable  quantities  of 
the  generally  unesteemed  oaks  are  be¬ 
ing  used  by  pulp  mills  in  the  Appa¬ 
lachian  area.  In  fact,  there  has  been  a 
phenomenal  increase  in  hardwood 
pulpwood  consumption  in  recent 
years  (fig.  1).  Indeed,  the  hardwood 
pulp  industry,  using  nearly  4  million 
cords,  is  a  sizable  industry  in  itself. 

There  are,  of  course,  many  other 
possibilities  for  hardwood  utilization 
in  addition  to  pulp  and  paper,  such  as 
certain  lumber  uses,  containers,  veneer 
and  plywood,  chemical  utilization,  and 
the  like. 

It  is  the  purpose  of  this  report  to 
show  that  the  pulp  and  paper  indus¬ 
try  offers  valuable  tools  for  utilizing 
hardwoods.  The  discussion  will  be 
illustrated  by  examples  of  recent  re¬ 
search  at  the  Forest  Products  Labora¬ 
tory  in  this  field. 

Hardwood  Pulps  and  Papers 

Any  hardwood  can  be  pulped  by 
one  or  more  of  the  standard  pulping 
processes  to  produce  a  pulp  suitable 
for  use  in  some  paper  product.  Some 
hardwoods  respond  well  to  all  the 
processes,  and  their  pulps  have  a  wide 
range  of  possible  uses.  Others  give 
pulps  of  little  value  when  made  by 
certain  of  the  processes.  In  any  case, 
most  hardwood  pulp  can  probably  best 


be  utilized  in  a  blend  with  long- 
fibered  softwood  pulps. 

To  make  useful  pulps  from  the 
hardwoods,  it  has  generally  been  nec¬ 
essary  to  remove  the  bark.  This  has 
often  been  a  difficult  problem  and  has 
almost  eliminated  the  hardwoods  from 
consideration  for  pulp  manufacture. 
However,  there  have  been  several  in¬ 
teresting  developments  of  late  that 
promise  to  remove  this  important  ob¬ 
stacle.  These  developments  include 
chemical  debarking,  improved  mechan¬ 
ical  debarkers,  methods  for  removing 
bark  from  mixtures  of  chips  and  bark, 
and  methods  for  separating  bark  par¬ 
ticles  from  the  pulp  after  the  pulping 
operation. 

The  present  application  of  the  com¬ 
mercial  pulping  processes  to  the  hard¬ 
woods  is  discussed  in  the  remainder 
of  the  report. 

Semichemical  and  Coarse  Fiber 
Processes  and  Products 

Among  the  several  processes  used 
for  hardwood  pulping,  the  most  out¬ 
standing  at  present  are  perhaps  those 
using  the  high  yield  principle,  namely, 
the  semichemical  and  coarse  fiber 
methods.  These  methods  together  con¬ 
sume  about  26  percent  of  the  hard¬ 
woods  entering  the  pulp  and  paper 
industry,  and  their  production  is  in¬ 
creasing. 

Semichemical:  Of  special  interest 
in  the  high  yield  field  is  the  semi¬ 
chemical  process,  which  has  had  a 
spectacular  growth  in  the  past  10 
years  as  shown  by  the  chart  of  pro¬ 
ductive  capacity  since  it  was  first  used 
in  1925  (fig.  2).  In  this  method  of 
pulping,  wood  chips  are  softened  by 
partial  cooking,  then  disintegrated  in 
a  disk  refiner.  The  treating  chemical 
can  be  any  of  the  common  pulping 
reagents,  but  sodium  sulfite  buffered 
to  near  neutrality  with  sodium  car¬ 
bonate  or  bicarbonate  is  usually  used. 
The  yield  of  pulp  from  this  process 
is -high — 65  to  90  percent,  depending 
bn  the  wood  and  the  use  requirements 
of  the  pulp.  This  high  yield  is  of  tre¬ 
mendous  importance  in  these  days  of 
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high  wood  costs.  Another  feature  of 
the  semichemical  process  is  that  it  is 
particularly  adapted  to  the  hardwoods, 
which  are  generally  dense  woods  giv¬ 
ing  a  high  weight  of  chips  per  cord. 

Semichemical  hardwood  pulps  were 
first  used  as  the  corrugated  medium  in 
container  board.  Straw  had  usually 
been  used  for  this  purpose,  but  semi¬ 
chemical  board  made  from  hardwood 
is  now  the  standard  for  this  com¬ 
modity.  Semichemical  pulps  have  also 
been  used  in  other  types  of  boards,  as 
well  as  in  small  amounts  in  news¬ 
print.  The  fact  that  the  semichemical 
pulps  can  be  readily  bleached  with 
standard  procedures  and  equipment  to 
make  a  product  satisfactory  for  re¬ 
placing  bleached  chemical  pulp  in 
some  kinds  of  paper  has  greatly  ex¬ 
panded  the  possible  uses  of  hard¬ 
woods.  Bleached  semichemical  hard¬ 
wood  pulp  has  many  of  the  qualities 
of  softwood  sulfite  pulps  and  there¬ 
fore  has  its  multitude  of  uses.  This 
branch  of  the  industry  has  grown  in 
the  past  few  years,  and  bleached  hard¬ 
wood  semichemical  pulps  are  now  used 
in  book  and  other  printing  papers, 
bond  and  other  fine  papers,  grease¬ 
proof  and  glassine  papers,  and  food 
ix>ards  of  various  types. 

The  semichemical  pulping  process 
was  used  at  the  Forest  Products  Lab¬ 
oratory  in  an  investigation  of  the  use 
of  an  eastern  hardwood  mixture  in 
high-grade  bond  paper  (2).^  In  this 
study  a  semichemical  pulp  was  made 
in  a  yield  of  70  percent  from  a  mix¬ 
ture  of  nine  hardwoods  (table  1). 
The  pulping  required  19  percent  of 
sodium  sulfite  and  5  percent  of  sodium 
bicarbonate  based  on  the  moisture-free 
weight  of  the  wood  charged  to  the 
digester.  The  time  at  the  cooking  tem¬ 
perature  of  170°  C.  was  3  hours.  The 
partially  cooked  chips  were  fiberized 
to  a  pulp  in  a  disk  refiner  that  re¬ 
quired  16  horsepower-days  per  ton  of 
air-dry  pulp.  The  optimum  degree  of 
fiberizing  with  respect  to  bleachability 
and  the  presence  of  shives  or  fiber 
bundles  was  at  a  freeness  level  of 
about  700  milliliters  (Schopper-Rieg- 
ler).  The  pulp  contained  an  appre¬ 
ciable  amount. of  wood  dirt  and  short 
shives  that  were  successfully  removed 
by  a  centrifugal  separation  treatment. 
The  pulp  was  bleached  to  a  brightness 
of  84  percent  using  a  three-stage  pro¬ 
cedure  comprising  chlorination,  caustic 
extraction,  and  hypochlorite  bleach¬ 
ing.  The  total  chlorine  used  was  13.5 
percent,  based  on  the  weight  of  the 
unbleached  pulp.  The  yield  of  bleached 
pulp  was  55  percent,  based  on  the 
weight  of  the  wood  at  the  start. 

The  quality  of  this  bleached  hard¬ 
wood  semichemical  pulp  was  judged 

*  Italic  numbers  in  parentheses  refer  to  Lit¬ 
erature  Cited  at  the  end  of  this  report. 


by  comparing  it  with  a  strong,  bond- 
grade,  bleached  sulfite  pulp  made  com¬ 
mercially  from  spruce.  The  hardwood 
pulp  closely  approached  the  softwood 
pulp  in  bursting  strength,  had  a  some¬ 
what  higher  tearing  resistance,  but 
was  somewhat  lower  in  tensile  strength 
and  appreciably  lower  in  folding  en¬ 
durance  (table  1).  The  hardwood 
semichemical  pulp  was  strong  enough 
to  be  considered  seriously  as  a  substi¬ 
tute  for  or  supplement  to  the  soft¬ 
wood  sulfite  pulp  in  high-grade  bond 
paper. 

Bond  paper  made  on  the  Labora¬ 
tory’s  12-inch  Fourdrinier  paper  ma¬ 
chine  from  the  hardwood  semichem¬ 
ical  pulp  had  strength  properties  equal 
to  or  better  than  a  paper  made  from  a 
commercial  pulp  furnish  used  in  the 
manufacture  of  high-grade  bond  paper 
(table  1).  The  semichemical  paper 
was  lower  in  opacity  than  the  stand¬ 
ard,  but  this  may  have  been  due  partly 
to  the  lower  amount  of  filler  present 
in  the  semichemical  paper.  The  amount 
and  visibility  of  the  shives  and  other 
foreign  particles  in  the  semichemical 
paper  was  probably  higher  than  could 
be  tolerated  in  a  No.  1  grade  of  bond 
paper,  but  considerable  improvement 
could  be  expected  by  application  of 
suitable  cleaning  measures,  such  as 
centrifugal  separation,  in  addition  to 
that  applied  to  the  unbleached  pulp. 
At  any  rate,  it  should  be  possible  to 
use  at  least  25  percent,  and  probably 
higher  percentages,  of  bleached  hard¬ 
wood  semichemical  pulp  in  bond  and 
similar  papers  of  the  highest  quality. 


Cold  Soda:  A  variation  of  semi¬ 
chemical  pulping,  which  entails  steep¬ 
ing  wood  chips  in  a  sodium  hydroxide 
solution  in  the  absence  of  heat  or  pres¬ 
sure  followed  by  mechanical  fiberiza- 
tion,  is  a  newly  developed  tool  for 
utilizing  hardwoods.  This  method, 
called  the  cold  soda  process,  has  had 
a  small  commercial  application  in  the 
short  time  since  its  origination,  and  is 
believed  to  have  considerable  promise 
for  expansion  in  the  future.  The 
method  can  be  applied  to  a  wide 
variety  of  hardwoods  growing  in  tl  e 
United  States.  The  features  of  the 
process  are  the  very  high  yields  (.f 
pulp — 85  to  95  percent  of  the  ori.;- 
inal  wood — and  the  simplicity  of  tl.e 
operation.  The  cold  soda  pulps  gt.:- 
erally  occupy  a  position  between  neu¬ 
tral  sulfite  semichemical  pulps  ai  d 
groundwood  pulps  in  their  properties. 
The  cold  soda  pulps  have  been  us  d 
commercially  in  the  manufacture  -f 
corrugating  board,  but  there  appe.us 
to  be  wider  use  possibilities  than  th  s, 
such  as  in  printing  papers  of  t;ie 
groundwood  type.  This  is  of  particul  tr 
interest  because  groundwood  pul  us 
from  the  dense  hardwoods  are  gener¬ 
ally  too  weak  for  extensive  use  :n 
these  papers. 

Experiments  at  the  Laboratory  show 
that  this  process  can  be  used  in  tiie 
production  of  a  newsprint  containing 
appreciable  quantities  of  hardwood 
pulp  (i).  A  cold  soda  pulp  was  pre- 

J)ared  from  aspen  (PopuJus  tretnu- 
oides')  by  steeping  chips  for  2  hours 
in  a  sodium  hydroxide  solution  of  45 


Figure  1. — Hardwood  puipwood  consumption  has  increased  rapidly  in  recent  years. 
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gruOis  per  liter  concentration  at  room 
temperature  (28°  C.).  The  treated 
chips  were  then  fiberized  to  a  pulp  in 
a  cisk  refiner  with  an  expenditure  of 
28  horsepower-days  per  ton  of  ait-dry 
pii'p.  The  freeness  of  the  pulp  was 
4i3  milliliters  (Canadian  Standard) 
ar  i  the  yield,  based  on  the  weight  of 
w- od  charged,  was  88  percent.  The 
pulp*  was  brightened  from  49  to  70 
p-rcent  by  applying  calcium  hypochlo¬ 
rite  in  an  amount  equivalent  to  10 
p  rcent  of  the  weight  of  the  un- 
bi’ ached  pulp.  This  pulp  was  made 
into  a  sheet  of  news  weight,  and  was 
also  used  in  the  amount  of  20  percent 
together  with  commercial  spruce 
groundwood  and  sulfite  pulps.  For 
comparison,  a  standard  newsprint 
paper  was  made  from  20  percent  sul¬ 
fite  and  80  percent  groundwood  spruce 
pulps. 

The  high-yield  cold  soda  pulp  from 
the  short-fibered  aspen  had  a  rela¬ 
tively  high  proportion  of  fibers  re¬ 
tained  on  the  coarse  fractionation 
screen  and  a  small  percentage  of  fines 
(table  2).  This  pulp  had  good  strength 
for  its  type,  although  the  test  sheets 
were  fairly  dense.  The  strength  values 
were  lower,  however,  than  those  com¬ 
monly  shown  by  neutral  sulfite  semi¬ 
chemical  pulps. 

In  comparison  with  spruce  ground- 
wood  pulp  of  new'sprint  grade,  the 
aspen  pulp  had  a  considerably  higher 
freencss  value  and  fiber  length  index, 
was  much  stronger  and  appreciably 
denser  (table  2).  The  test  sheets  from 
the  cold  soda  pulp  were  also  stiffer 
and  more  transparent  than  those  from 
the  groundwood  pulps.  The  somewhat 
high  density  is  characteristic  of  cold 
soda  pulps,  although  to  a  less  extent 
than  of  semichemical  pulps.  However, 
this  characteristic  can  be  controlled  to 
some  extent  by  the  amount  of  fiber 
processing  in  the  fiberizing  of  the 
treated  chips. 

The  news-weight  sheet  made  from 
100  percent  aspen  cold  soda  pulp  was 
strong  in  comparison  with  standard 
newsprint,  but  the  sheet  tended  to  be 
stiff  and  was  low  in  opacity  (table  3). 
In  other  words,  it  lacked  some  of  the 
important  properties  of  a  paper  for 
printing.  However,  when  a  pulp  fur¬ 
nish  containing  20  percent  or  the  cold 
soda  pulp  as  a  partial  substitute  for 
both  groundwood  and  sulfite  pulps 
from  spruce  was  used,  the  sheet  of 
paper  was  satisfactory  in  all  respects 
(t' ffe  3).  Thus  a  hardwood  pulp  can 
bs  used  in  newsprint  and  in  other 
pr  nting  papers.  Experiments  with 
otf  r  hardwoods — red  alder  and  sweet- 
gii  n — have  shown  even  more  promis¬ 
ing  results  than  those  described  for 
as.  n. 


Hardboard:  The  wallboard  or 
structural  board  class  of  coarse  fiber 
products — hardboards,  insulating,  and 
sheathing  boards — now  consumes  ap¬ 
preciable  quantities  of  hardwoods  and 
probably  will  use  even  more  in  the 
future.  This  branch  of  the  pulp  and 
paper  industry  has  been  shown  in  com¬ 
mercial  practice  to  be  a  fitting  tool 
for  the  utilization  of  hardwoods. 

In  one  investigation  at  the  Labora¬ 
tory,  several  eastern  hardwoods  were 
shown  to  be  suitable  for  the  produc¬ 
tion  of  Class  A  hardboards  (3). 
Standard  chips  from  beech  (Fagus 
grand  if  olia),  birch  (Bettda  sp.),  and 
hard  and  soft  maples  (Acer  sp.)  were 
fiberized  individually  in  a  laboratory- 
model  Asplund  Defibrator  after  pre¬ 
steaming  for  3  minutes  at  175  pounds 
per  square  inch  pressure  and  milling 
for  2  minutes  at  this  pressure.  The 
yields  of  fiberized  pulp  from  the  beech 
and  maples  were  in  the  range  of  84 
to  86  percent  and  those  from  the  birch 
were  81  to  82  percent.  Some  of  the 
pulp  was  refined  in  a  Valley  test  beater, 
and  nominal  1/g-inch  hardboards  were 
made  from  both  unrefined  and  refined 
stocks.  Both  sized  and  unsized  mats 


were  formed  in  a  Defibrator  freeness 
tester.  Both  paraffin  and  rosin  were 
used  for  sizing  and  were  affixed  by 
adding  alum  and  sulfuric  acid  to  a 
pH  value  of  4  to  4.5.  The  mats  were 
cold-pressed  to  remove  excess  water 
and  then  hot-pressed  at  temperatures 
ranging  from  180°  to  240°  C.  with  a 
maximum  pressure  of  500  pounds  per 
square  inch.  The  boards  were  tested 
for  water  absorption  and  static  bend¬ 
ing  strength  for  comparison  with  the 
specifications  for  Class  A  board,  which 
are:  maxinium  water  absorption  of  20 
percent  and  minimum  modulus  of  rup¬ 
ture  of  6,000  pounds  per  square  inch. 

The  refined,  unsized  stocks  gave 
strong  boards  that  met  the  Class  A 
specifications  for  strength  with  a  mod¬ 
erate  pressing  temperature  of  180°  C. 
Pressing  at  240°  C.  gave  exceptionally 
high  strengths — in  the  range  of  8,000 
to  9,000  pounds  per  square  inch. 
These  boards  probably  would  have 
many  applications,  although  they  did 
not  meet  the  Class  A  specifications  for  * 
water  resistance. 

The  following  results  were  obtained 
in  the  sized  boards:  (1)  Maple,  birch, 
and  beech  stocks  sized  with  2  percent 
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Figure  2. — ^The  semichemical  process  has  shown  spectacular  growth  since  it 
was  first  used  in  1925. 
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of  paraffin  and  4  percent  of  alum  and 
molded  at  240°  C.  produced  Class  A 
hardboards;  (2)  soft  maple  hard- 
board  sized  with  paraffin  and  molded 
at  195°  C.  also  met  Class  A  stand¬ 
ards;  and  (3)  boards  sized  with  rosin 
and  ferric  sulfate  and  molded  at 
195°  C.  were  stronger  and  more  water 
resistant  than  comparable  boards  sized 
with  paraffin  and  alum.  However,  only 
the  soft  and  hard  maple  hardboards 
of  the  last  group  were  of  the  Class  A 
grade.  Results  are  given  in  table  4. 

Saturating  Felts:  The  saturating 
class  of  coarse  fiber  products  includes 
roofing,  flooring,  deadening,  and  insu¬ 
lation  products.  Formerly  made  almost 
entirely  from  rags,  these  products  tend 
to  have  an  increasing  proportion  of 
wood  fibers  in  their  makeup.  Hard¬ 
wood  fibers  serve  well  and  are  widely 
used  for  this  purpose.  Apparently  the 
top  quality  and  best  form  of  wood  are 
not  required.  Thus  the  saturating  felt 
products  with  their  content  of  coarse 
fibers,  usually  produced  by  the  Asp- 
lund  process,  offer  another  useful  tool 
for  hardwood  utilization. 

Groundwood  Process 

The  groundwood  process  consumes 
about  18  percent  of  the  hardwoods 
used  by  the  pulp  industry.  The  light¬ 
weight  hardwoods  like  aspen  and  cot¬ 
tonwood  make  good  quality  ground- 
wood  pulps  having  many  of  the  uses 
of  softwood  groundwood  pulps,  such 
as  in  newsprint  and  printing  papers. 
On  the  other  hand,  the  dense  hard¬ 
woods,  like  sweetgum,  birch,  maple 
and  beech,  and  the  oaks,  which  are 
found  in  considerably  greater  quan¬ 
tities  than  the  lightweight  woods, 
make  poorer  groundwood  pulps  by 
accepted  standards  when  ground 
according  to  present  commercial  prac¬ 
tices.  However,  experiments  show  that 
these  pulps  can  be  used  in  quantities 
up  to  about  30  percent  in  printing 
papers,  toweling,  and.  other  specialties. 
They  blend  well  with  neutral  sulfite 
and  cold  soda  pulps,  acting  as  a  filler 
and  a  softening  constituent. 

Experiments  at  New  York  State 
College  of  Forestry  and  elsewhere 
have  shown  that  more  serviceable 
pulps  can  be  produced  from  hard¬ 
woods  by  chemical  treatment  of  wood 
bolts  under  pressure  and  moderate 
temperature  followed  by  conventional 
grinding.  The  degree  of  chemical 
treatment  influences  the  amount  of 
improvement  in  strength  and  other 
characteristics.  However,';  improved 
strength  and  lower  energy  consump¬ 
tion  is  generally  accompanied  by  in¬ 
crease  in  density  and  loss  of  some  of 
the  properties  for  which  groundwood 
is  noted,  namely,  bulk,  softness,  and 
opacity. 


Table  l«-»Propertie8  of  hardwood  semichemical  and  softwood 
sulfite  pulps  and  bond  papers  made  ffom  them 


Item  and  properties 

Type  of  Dulp 

Hardwood  :  Softwood 

semicnenicali  t  sulfite£ 

Pulp  tfcst  sneet:2 


Bursting  strength. . . . 

. . .pts.  per  lb. : 

0.93 

:  1.02 

Tearing  resistance.... 

.. ..gm.  per  lb.: 

1.13 

:  .98 

Folding  endurance.... 

...double  folcs: 

222 

:  950 

Density.. . . 

.7fi 

Bend  papertk 

Bursting  strerigth. . . . 

. . .pts.  per  lb. : 

.71 

:  .L6 

Tearing  resistance... 

1.03 

:  .96 

Folding  endurance.... 

....double  folos: 

130 

:  62 

Opacity . 

79 

:  86 

Ash. . 

5 

:  7 

Density . . . 

.78 

:  .83 

^Mixture  of  nine  eastern  hardwoods  including  black  cherry  (Prunus 
serotina),  sugar  maple  (Acer  sacchanim),  red  maple  (A.  rubrumTt 
yellow  birch  (Betula  alleghaniensis) ,  sweet  birch  (B,  lenta), 
beech  (Fagus  grandifolia)7  white  oak  (Quercus  alba)7  red  oak 
(Q.  borealis),  and  white  ash  (Fraxinus  americana). 

2  ~ 

^^ruce  (Picea  sp.). 

-Ream  of  500  sheets,  25  x  LO  inches. 

^2-po\ind  sheet,  same  ream  size  as  in  footnote  3. 


Table  2. — Properties  of  asoen  cold  soda  and  spruce 
grounowood  gulps 


Pulp  properties 

Type  of  pulp 

Aspen  cold  :  'Spruce 
soda  :  groundwood 

Unbleached  pulp: 

Freeness  (Canadian  Standard) 

•  •♦••••••a  inX  •  * 

fil5 

:  165 

Screen  analysis 

Retained  on  2li-mesh  screen 

16.2 

:  15.L 

Passing  l50-mesh  screen... 

21.1 

:  3a.  8 

Fiber  length  index . 

.162 

:  .112 

Unbleached  pulp  test  sheet:- 

Bursting  strength . 

.pts.  per  lb,: 

.bU 

:  .25 

1  Tearing  resistance . 

.  .gm.  per  lb, : 

1.16 

:  .63 

Breaking  length . 

L,0GC 

:  2,700 

Density . 

..gm.  per  cc,: 

.56 

:  .L3 

"Ream  of  500  sheets,  25  x  LO  incnes. 
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An  investigation  at  the  Forest  Prod¬ 
ucts  Laboratory  by  Hyttinen  and 
Schafer  showed  this  modified  ground- 
wood  method  to  be  a  promising  ap- 
} -oach  to  the  problem  of  making  use- 
i.il  pulps  from  the  hardwoods.  Sweet- 
cum  {Liquidambar  styracifiua)  was 
made  into  a  groundwood  pulp  from 
•entreated  bolts  and  bolts  that  had  been 
{  retreated  by  impregnation  and  cook¬ 
ing  in  a  solution  of  sodium  sulfite  and 
bicarbonate  at  a  temperature  of  145°  C. 
for  5.5  hours  (table  5).  The  untreated 
wood  gave  a  typically  weak,  dark- 
colored  groundwood  pulp  having  a 
very  low  proportion  of  long  fibers  and 
a  high  proportion  of  fines.  The  pulp 
from  the  treated  wood,  on  the  other 
hand,  was  high  in  freeness,  strength, 
and  proportion  of  fiber  retained  on 
coarse  screens.  The  energy  consumed 
in  making  the  pulp  from  the  treated 
wood  was  low — 32  horsepower-days 
per  ton — and  the  grinding  rate  was 
high.  The  yield  of  treated  fiber  was 
estimated  to  be  between  85  and  90 
percent  of  the  original  wood.  The 
brightness  of  the  pulp  from  the  treated 
wood,  about  51  percent,  was  appre¬ 
ciably  higher  than  that  of  the  normal 
sweetgum  groundwood,  but  brighten¬ 
ing  would  still  be  necessary  for  most 
uses.  The  density  of  test  sheets  of 
chemigroundwood  pulp  fell  in  the 
range  of  that  for  spruce  groundwood 
pulps.  The  sweetgum  chemiground¬ 
wood  was  higher  in  strength  and  free¬ 
ness  than  spruce  groundwood  pulp 
used  in  printing  paper,  and  ap¬ 
proached  semichemical  pulp  from  the 
same  species  in  many  strength  proper¬ 
ties.  Its  properties  indicated  it  could 
be  used  for  most  products  containing 
groundwood  and  also  as  a  part  sub¬ 
stitute  for  chemical  pulp,  such  as  cer¬ 
tain  sulfite  pulps. 

Sulfate  Process  and  Products 

Although  the  sulfate  pulping  indus¬ 
try  used  only  about  13  percent  of  the 
total  hardwoods  consumed  for  pulp 
and  paper  in  1951,  it  is  a  growing  in¬ 
dustry.  The  expansion  plans  for  many 
large  companies  rely  heavily  on  hard¬ 
woods  to  supply  an  important  pro¬ 
portion  of  their  future  pulpwood  re¬ 
quirements.  The  sulfate  process  can 
be  used  on  all  United  States  hard¬ 
woods,  although  there  is  a  range  of 
pulp  quality  depending  on  wood  spe¬ 
cies.  The  top  quality  hardwood  sulfate 
pulps  have  properties  that  compare 
favorably  with  softwood  sulfite  pulps 
in  most  respects  and  have  many  of  the 
same  uses.  Because  of  the  higher 
str.  ngth  of  sulfate  pulps,  there  has 
b.n  a  trend  toward  using  them  to 
rc:  lace  hardwood  soda  pulps.  The 
har.lwood  sulfate  pulps  should  have 
U'':  in  most  products  where  the  high- 
es'  strength  is  not  paramount.  As  a 
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Table  3» — Properties  cf  some  newsprint  papers  Ttade  from 
aspen  cole  soda,  spruce  groundwood,  and 
spruce  sulfite  pulpe 


Newsprint  paper  propertiesi 


Type  of  pulp 


Spruce 
groundwood- 
sulfitel 


Hardwood 

softwoodk 


Density . 

Bursting  strengtn 

.89 

.67 

.77 

.Mullen . 

10.2 

5.9 

6.3 

Unit . 

.28 

.17 

.18 

Tearing  resistance... 

.6h 

.58 

.59 

Ten.sile  strength . 

i.lb.  P6r  in.  width: 

10, h 

6.7 

6.5 

Gil  penetration . 

58 

51 

53 

Porosity . 

56 

28 

15 

Opacity . 

76 

88 

39 

Brightness..... . . 

70 

x 

60 

62 

“30-pound  sheet;  ream  of  500  sheets,  25  x  bO  inches. 

-100  percent  of  bleached  cold  soda  pulp  described  in  table  2. 

■^0  percent  of  spruce  groundwood  pulp  described  in  table  2  and  20  oercent 
of  spruce  sulfite  pulp. 

Ij 

“70  percent  of  spruce  groundwood,  20  percent  of  aspen  cold  soda,  and  10 
oercent  of  spruce  sulfite  pulp.  Groundwood  and  cold  soda  pulps  are 
described  in  table  2. 


Table  It  .—Properties  of  noadnal  l/8-inch  hardboards  from  eastern 
hardwoods  compared  with  specifications  for  Class  A 
boards 


Type  of  sFreenesssMolding:  Board  data 

hardboard  s  (Defi-  :te*per-t— —————————— 

X  brator)t  aturelxSpecificxModulus  :  2li-hour 


X  gravity 


X 

X 

X 

X 

x 

X 

xrupture  — ..... 
X  :  Water  xThickness 
t  xabsorptionx  change 

t 

Sec. 

X 

*C.  X 

X 

P •Sm  ^ •  t 

Percent  x 

Percent 

Beech 

X 

U6 

X 

2li0  X 

1.02  X 

6,100  X 

18.6  X 

12.7 

Birch 

X 

39 

X 

2li0  X 

1.05  : 

6,300  X 

18.2  : 

12.0 

Soft  maple 

X 

l»3 

X 

195  * 

1.05  * 

6,200  X 

17.1  * 

16.3 

Hard  maple 

: 

10 

: 

2L0  : 

1.05  : 

7, too  : 

17.0  : 

12.7 

Class  A— 

* 

• :  • 

« 

1.<V6  : 

kfc,000  : 

I20.O  : 

of 


i  water  imersion 


“.‘Sizing  and  molding  conditlonsJ  Stocks  sized  at  a  consistence  of  2 
percent,  oized  with  2  oercent  paraffin  and  U  percent  alum;  dilute 
sulfuric  acid  added  to  slurry  to  bring  pH  value  to  U.O  to  li.5. 
Boards  molded  with  maximum  pressure  of  500  pounds  per  square  inen. 

2 

.  -Federal  Specification  LLL-F-311,  Amendment  3,  1952. 

■^<inimum  allowable  value. 


Maximum  allowable  value. 
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.  Table  $ .--Results  of  grinding  treated  and  untreated  swectgum 


Item 


:Untreated;  Treated 


Treating  conditions: 

Concentration  of  treating  solutioni . gm.  per  1, 

Tenperature . ”C. 


Time . hr. 

Pressure . lb.  per  sq.  in. 


Grinding  conditions^  and  results: 

Pressure . lb.  per  sq.  in. 

Rate  of  grinding . 

....tons  per  sq.  ft.  of  grinding  surface  per  dayl 
Energy  ccnsumed . horsepower-days  per  tonl 

Pulp  properties; 

Freeness  (Schopper-Riegler) . ml. 

Screen  an^ysis: 

Retained  on  2U-mesh  screen . percent 

Passing  150-mesh  screen . percent 

Fiber  length  index . 


Test  sheet  properties: 

Bursting  strength . pts.  per  Ib.ji: 

Tearing  resistance . gm.  per  Ib.k: 

Breaking  length . . 

Density . . . gm.  per  cc.; 

Brig  htness . percent : 


25 

1.1 

60 


290 

.5 

58.9 

.07li 


.08 

.31 

910 

.3h 

15 


120 

ihS 

5.5 

150 


25 

1.9 

32 


660 

11.7 

3h.li 

.128 


.10 

.96 

3,680 

.111 

51 


“Sodium  sulfite  and  sodium  bicarbonate  in  ratio  of  6:1, 

-10-cut,  1-1/2- inch  lead  spiral  burr  pattern;  stone  surface  condition, 
dull. 


Moisture-free  wood  basis. 

^eam  of  500  sneets,  25  x  hO  inches. 


matter  of  fact,  hardwood  sulfate  pulps 
are  being  used  in  a  great  variety  of 
papers  in  the  publication,  writing, 
printing,  and  absorbent  paper  fields. 
In  addition,  a  special  grade  of  hard¬ 
wood  sulfate  pulp  has  come  into  being 
in  recent  years — a  highly  purified  pulp 
to  be  dissolved  or  modified  to  form 
cellulose  derivatives  such  as  rayon.  All 
these  means  of  utilizing  the  hard¬ 
woods  through  the  sulfate  process  may 
be  expected  to  increase  hardwood  use. 

The  Forest  Products  Laboratory  has 
been  active  in  the  sulfate  pulping 
industry.  For  example,  the  Laboratory 
has  investigated  the  application  of  the 
prehydrolysis-sulfate  process  to  aspen 
to  prodqfe  a  pulp  for  conversion  to 
cellulose  acetate  (4). 

Because  the  hardwoods  are  inher¬ 
ently  high  in  the  hemicellulosic  frac¬ 
tion  of  pentosans,  which  are  incom¬ 
pletely  dissolved  by  the  sulfate  cook¬ 
ing  reagent  and  are  highly  detrimental 
to  the  quality  of  pulps  for  chemical 
conversion,  it  is  generally  necessary  to 
modify  the  conventional  method  of 
pulping.  These  undesirable  pentosans 
can  be  removed  by  acid  hydrolysis 
prior  to  the  regular  sulfate  pulping 
operation.  At  the  Laboratory,  the  hy¬ 
drolysis  was  carried  out  by  digesting 
the  wood  chips  in  water  at  a  tempera¬ 
ture  of  170°  C.  for  0.5  hour.  At  this 
high  temperature  the  water  reacts  with 
the  wood  to  form  acetic  acid,  which 
furnishes  the  acid  needed  to  dissolve 
the  pentosans.  The  pH  value  at  the 
end  of  the  hydrolysis  treatment  was 
thus  3.8,  or  fairly  strong  on  the  acid 
side.  The  hydrolyzed  chips  were  then 
pulped  conventionally  by  the  sulfate 
process.  The  yield  of  pulp  under  these 
conditions  was  42  percent  of  the  orig¬ 
inal  charge.  Further,  this  pulp  had  a 
low  pentosan  content  of  2.8  percent 
and  a  satisfactory  viscosity  value  of 
37.6  centipoises  when  tested  in  cupri- 
ethylenediamine  in  0.5  percent  con¬ 
centration.  The  pulp  had  other  char¬ 
acteristics  indicating  its  suitability  for 
the  purpose  intended. 

The  unbleached  sulfate  pulp  was 
purified  by  a  procedure  involving 
chlorination,  hot  or  cold  alkaline  ex¬ 
traction,  and  treatment  with  sodium 
hypochlorite  and  chlorine  dioxide.  The 
hot  extraction  was  made  with  5  per¬ 
cent  sodium  hydroxide  by  weight  ap¬ 
plied  at  0.6  percent  concentration  at 
70°  C.  for  1  hour;  the  cold  extraction 
was  made  with  a  caustic  soda  solution 
of  5  percent  concentration  of  250°  C. 
for  1  hour.  The  yield  of  pulp  puri¬ 
fied  by  cold  alkaline  extraction  was 
38.2  percent  based  on  the  original 
wood  charge  and  the  pulp  had  an 
alpha  cellulose  content  of  97.3  per¬ 
cent,  a  pentosan  content  of  2  percent, 
and  a  viscosity  of  18.4  centipoises. 


The  pulp  purified  with  hot  alkaline 
extraction  and  treatment  with  sodium 
hypochlorite  was  made  in  a  yield  of 
37.6  percent  and  had  an  alpha  cellu¬ 
lose  content  of  94.7  and  a  pentosan 
content  of  2.2  percent  with  a  viscosity 
of  12.5  centipoises.  Finally,  the  pulp 
purified  with  hot  alkaline  extraction 
and  treatment  with  chlorine  dioxide 
was  made  in  a  yield  of  37.7  percent 
and  had  an  alpha  cellulose  content  of 
95.5  and  a  pentosan  content  of  2.5 
percent  with  a  viscosity  of  16.3  centi¬ 
poises.  The  two  pulps  purified  by  hot 
alkaline  extraction  were  acetylated  at 
an  industrial  laboratory,  and  the  cellu¬ 
lose  acetate  made  into  yarn.  The  acety¬ 
lation  operation  was  reported  to  be 
conducted  satisfactorily,  and  the  yarns 
were  as  strong  as  yarn  made  from 
commercial  softwood  sulfite  pulp  of 
acetylation  grade.  The  pulp  made  with 
cold  extraction  did  not  acetylate  sat¬ 
isfactorily.  ■ 

Soda  Process  and  Products 

The  soda  process  is  particularly' ap¬ 
plicable  to  the  hardwoods  for  produc¬ 
ing  soft,  opaque,  bulky  pulps  ideally 
suited  for  use  in  book  and  magazine 
papers.  Roughly  25  percent  of  the 


present  hardwood  pulpwood  consump¬ 
tion  is  by  the  soda  process,  but  the 
percentage  will  probably  decrease  as 
other  processes  increase  their  produc¬ 
tion.  The  production  of  soda  pulp  has 
been  slowly  declining,  mostly  because 
of  the  relative  weakness  of  the  pulp 
and  its  limited  usefulness.  Soda  pulps 
or  modified  soda  pulps  will  continue 
to  be  made  because  of  their  special 
properties,  but  an  expansion  in  their 
use  is  not  expected.  Nevertheless,  this 
process  is  still  a  valuable  tool  for  util¬ 
izing  substantial  amounts  of  hard 
woods. 

Sulfite  Process  and  Products 

The  sulfite  process  is  also  a  useful 
tool  for  hardwood  utilization,  although 
it  perhaps  has  a  less  promising  future 
than  some  of  the  others.  This  process 
consumes  about  18  percent  of  th 
total  amount  of  hardwood  used  for 
pulp  at  the  present  time.  The  manu 
facture  of  hardwood  sulfite  pulps  i 
limited  to  mills  in  the  Lake  States  an  , 
the  Northeast  because  sulfite  mills  a: 
located  only  in  these  areas.  The  sulfit 
process  can  be  applied  to  most  of  th  • 
hardwoods,  although  there  are  a  fe’ ' 
exceptions — cherry,  for  example.  Th  ’ 
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pvilps  range  from  low  to  good  in 
SI  ength,  depending  on  species,  and 
hvVe  a  fair  number  of  uses,  including 
p-inting,  bond,  and  tissue  papers,  and 
pjrified  pulp  used  mostly  for  making 
cellophane.  In  spite  of  the  several  use- 
f.’l  properties  of  the  hardwood  sulfite 
p,  Ips,  they  are  not  likely  to  show  an 
ii  rease  in  production  because  of  their 
Imitations  and  the  apparently  limited 
f'iture  expansion  of  the  sulfite  process 
a?  a  whole.  However,  as  with  the  soda 
process,  the  sulfite  process  will  con¬ 
tinue  to  serve  as  a  valuable  tool  for 
kj.rdwood  utilization. 
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Discussion 

Dr.  Samuel  A.  Woodruff  (Battelle 
Memorial  Institute,  '505  King  Ave., 
Columbus  1,  Ohio):  1.  May  conven¬ 
tional  pulping  equipment  be  used  to 
prepare  semi-chemical  pulp?  2.  What 
pulping  process  could  best  be  modi¬ 
fied  to  be  a  continuous  process? 

Mr.  McGovern:  1.  Conventional 
equipment  can  be  modified  and 
adapted  to  prepare  semi-chemical 
pulp.  Both  rotary  and  vertical  digest¬ 
ers  have  been  adapted  from  sulfate 
to  semi-chemical  pulping.  2.  Attempts 
are  being  made  to  develop  continuous 
pulping  processes  to  reduce  labor 
costs  and  to  obtain  better  control  in 
shorter  cooking  times.  Attempts  are 
being  made  to  put  all  pulping  meth¬ 
ods  on  a  continuous  process  with  most 
success  being  obtained  in  the  alkaline 
and  high  yield  processes. 

Reavis  C.  Sproull  (Herty  Founda¬ 
tion,  Savannah,  Ga.):  Can  we  expect 
to  balance  pulping  processes  of  hard¬ 
woods  and  softwoods  according  to  the 
growth  of  the  species  and  if  so,  how 
long  will  it  take? 

Mr.  McGovern:  We  will  probably 
never  balance  the  proportion  of  hard¬ 
wood  and  softwood  pulp  according  to 
growth  since  use  requirements  dictate 
the  use  of  the  longer  softwood  fibers 
if  they  are  available.  We  will  develop 
new  methods  and  use  more  hardwoods 
as  the  competition  for  the  softwoods 
increases. 

Norman  F.  Smith  (Michigan  De¬ 
partment  of  Conservation,  Lansing, 


Michigan) :  Since  these  so  called 
"weed  species”,  such  as  aspen,  white 
birch,  soft  maple,  and  oak,  are  fast 
growing  trees,  and  are  bringing  our 
growth  and  utilization  into  balance, 
and  also  since  many  companies  are 
going  to  considerable  expense  to  con¬ 
vert  to  their  use  and  are  interested  in 
long  term  supplies,  is  not  the  problem 
one  of  reproducing  and  managing 
certain  of  these  species  rather  than 
converting  to  other  types? 

Mr.  McGovern:  We  feel  that  the 
same  effort  might  be  devoted  to  grow 
better  trees  rather  than  perpetuate  the 
less  desirable  ones.  Since  this  is  more 
of  a  forestry  question,  I  would  like  to 
refer  it  to  Walton  Smith. 

Walton  R.  Smith  (S.  E.  Forest 
Exp.  Sta.,  Asheville,  North  Carolina)  : 
The  problem  varies  by  species  and  by 
areas.  I  could  agree  with  Mr.  Nor¬ 
man  Smith  that  in  the  case  of  aspen 
and  some  other  species  we  should  de¬ 
vote  more  research  to  its  management 
and  perhaps  perpetuation,  but  when 
it  comes  to  scrub  oaks  in  the  South, 
there  are  many  species  that  will  better 
serve  our  needs. 

Elmer  E.  Matson  (Pac.  N.  W.  For. 
Exp.  Station,  Portland,  Oregon) :  The 
determination  of  the  species  to  per¬ 
petuate  depends  a  great  deal  on  the 
particular  site.  In  some  cases,  the  so- 
called  "weed  species”  may  be  the  best 
species  in  the  long  run.  In  the  Pacific 
Northwest,  upland  alder  is  a  so-called 
weed  species.  On  these  sites  we  can 
grow  twice  as  much  Douglas  fir  as 
alder.  Therefore  we  should  try  to  con¬ 
vert  to  fir.  On  good  sites  alder  makes 
good  growth  and  should  be  perpet- 
utated.  In  Michigan,  you  have  a 
similar  problem.  Much  more  Jack 
Pine  can  be  grown  on  the  sand  plains 
than  aspen,  while  on  good  hardwood 
sites  aspen  makes  good  growth. 
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The  Outlook  For  the  Utilization  of  Mesquite 


Mesquite  iProsopis  spp.)  has  invaded  extensive  areas  of 
range  lands  in  the  Southwest.  Various  successful  methods  of  me¬ 
chanical  and  chemical  eradication  have  been  developed.  Utilization 
research,  however,  has  lagged  behind.  With  the  limited  knowledge 
at  hand,  it  appears  that  charcoal  and  flooring  blocks  made  from 
mesquite  ofFer  commercial  opportunities.  By  grinding  the  entire  tree 
and  combining  with  a  cheap  binder,  a  hardboard  suitable  for 
interior  use  may  be  made. 


Introduction 

HE  NUMBER  ONE  PROBLEM 
of  range  management  in  the 
Southwest  is  somewhat  similar  to  the 
number  one  problem  of  forest  man¬ 
agement  in  the  South  in  that  both  are 
concerned  with  the  elimination  and 
utilization  of  inferior  hardwoods. 
However,  in  the  South  the  principal 
species  involved  are  oak  and  gum;  in 
the  Southwest,  the  principal  species 
involved  is  mesquite.  Although  there 
is  considerable  information  available 
on  the  utilization  of  southern  hard¬ 
woods,  this  information,  except  in 
very  general  terms,  is  not  directly  ap¬ 
plicable  to  mesquite  utilization.  The 
physical  and  chemical  properties  of 
mesquite  and  the  economic  considera¬ 
tions  related  to  mesquite  utilization 
are  sufficiently  divergent  from  those 
of  southern  hardwoods  and  of  the 
South  to  justify  this  separate  treatise 
on  mesquite  utilization.  Mesquite  is 
unique  only  to  the  Southwest  and  is 
as  characteristic  of  the  area  as  rattle¬ 
snakes,  northers,  cornbread  and  tor¬ 
tillas. 

Mc'squite  {Prosopis  spp.)  is  a  legu¬ 
minous  hardwood.  The  twigs  are 
armed  with  straight  hard  spines  up  to 
iy2  inches  in  length.  Fleshy  seed  pods 
or  "beans”  up  to  eight  inches  long 
occur  on  the  tree  from  May  to  Sep¬ 
tember. 

Exact  identification  of  species  or 
variety  within  the  genus  Prosopts  is 
often  difficult.  Furthermore,  botanists 
are  not  in  full  agreement  with  regard 
to  the  taxonomy  of  the  species.  In  this 
paper,  most  mesquites  in  the  South¬ 
west  will  be  considered  as  comprising 
one  species,  Prosopts  jultflora  (Swartz) 
de  Candolle.  Three  varieties  of  this 
species  are  recognized:  "honey  mes¬ 
quite”  common  in  Texas;  "western 
honey  mesquite”  common  in  the  ex¬ 
treme  part  of  western  Texas,  in 
southern  New  Mexico,  and  in  south¬ 
eastern  Arizona;  and  "velvet  mes¬ 
quite”  common  in  Arizona.'  The  size, 
shape,  and  hairiness  of  the  leaflets  is 
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the  main  basis  for  distinguishing  these 
varieties.  A  less  prevalent  species, 
tornillo  or  screwbean  {Prosopts  odo- 
rata  Tore  and  Frem.),  is  easily  distin¬ 
guished  by  its  tightly  coiled  seed  pods 
and  is  usually  confined  to  valley  bot¬ 
toms  where  it  may  form  heavy  thick¬ 
ets. 

To  the  layman  most  mesquites  in 
the  Southwest  appear  alike  except  for 
differences  in  size  and  growth  forms. 
Three  types  of  growth  are  recognized 
for  the  purpose  of  this  discussion: 
(1)  trees  up  to  two  feet  in  diameter 
and  fifty  feet  in  height,  (2)  many¬ 
stemmed  shrubs  one  to  three  feet  in 
height,  and  (3)  a  scraggy  woodland 
type  with  one  or  more  main  stems  and 
intermediate  in  stature  between  the 
small  shrub  and  tree  forms.  The  larger 
tree-size  mesquite  occurs  in  river 
bottoms.  The  intermediate  forms 
occur  on  upland  areas  of  compact  soil 
and  moderate  moisture.  The  many¬ 
stemmed  shrub  three  feet  or  less  in 
height  occurs  mainly  on  semi-arid  or 
windswept  localities  with  sandy  or 
caliche  soil.  Although  this  latter  type 
is  a  serious  range  pest,  the  tree  and 
intermediate  shrub  forms  of  mesquite 
cover  by  far  the  greater  area  in  the 
Southwest  and  affect  the  largest  seg¬ 
ment  of  the  livestock  industry.  (See 
Fig.  1)  The  distribution  of  these 
forms,  which  is  of  primary  interest  in 
considering  utilization  potentials,  is 
shown  by  the  heavily  hatched  (major 
distribution)  area  on  Fig.  2.  The 
greatest  area  and  volume  of  these 
larger  growth  forms  occur  in  Texas. 
Although  land  clearing  operations 
such  as  shown  in  Fig.  3  have  eradi¬ 
cated  mesquite  from  a  portion  of  this 
area  of  major  distribution,  neverthe¬ 
less,  there  are  large  areas  remaining 
in  the  Southwest  with  two  or  more 
cords  of  mesquite  per  acre. 

Physical  and  Chemical  Properties 

The  heartwood  of  mesquite  is  red¬ 
dish-brown  and  the  sapwood  is  yellow¬ 
ish-white.  The  sapwood  band  is  nar¬ 
row  regardless  of  diameter  or  site. 


The  specific  gravity  of  the  wood 
averages  around  0.70.  The  wood  is 
hard,  brittle  and  cross-grained.  It  lacks 
bending  strength  and  toughness.  F 
finishes  well  in  machining  and  its  glu¬ 
ing  properties  are  satisfactory. 

The  mean  moisture  content  o' 
freshly-cut  wood  grown  in  Texas  ranges 
from  55  to  75  percent.  Upon  dryin. 
the  wood  exhibits  unusually  lov 
shrinkage  values:  tangential,  2.6('r 
radial,  2.2%;  and  volumetric,  4.iy< 
Based  upon  limited  experience,  th 
drying  characteristics  of  4/4  mesquite 
are  satisfactory  when  seasoned  on  kil 
schedules  similar  to  those  used  on  4/  . 
southern  oak.  When  properly  air-drieil 
or  kiln-dried,  very  few  seasoning  di 
fects  appear  in  the  wood.  Shake  oftc: 
occurs  through  the  center  of  the  main 
stem  of  mesquite  trees.  (Fig.  4). 

The  bark  is  thin  and  difficult  to 
remove.  An  ordinary  pine  pulpwood 
debarking  drum  does  not  remove  tho 
bark  satisfactorily.  The  bark  is  of  high 
density  and  averages  around  20  per¬ 
cent  moisture  content.. 

The  mean  of  four  separate  chemical 
analyses  of  mesquite  wood  is  given  in 
Table  1. 

The  water  solubles  are  relatively 
high  and  probably  consist  mainly  of 
gum,  tannic  acid  and  carbohydrates. 
The  wood  has  a  rather  high  ether 
soluble  content  for  a  hardwood.  The 
alkali  soluble  extract  (consisting  pri¬ 
marily  of  tannins,  resin  acids,  and 
carbohydrates)  is  also  rather  high. 
The  cellulose  content  of  the  wood  is 
relatively  low;  the  lignin  content  is 
around  the  average  of  other  woods. 

Mesquite  gum  exudes  as  white  or 
amber-colored  droplets  from  the  bark 


Figure  1. — Intermediate  growth  forms  I 
mesquite.  Crown  density  ranges  up  to  ii." 
penetroble  thickets.  Such  small  volumes  p 
acre  os  shown  above  ore  considered  to  te 
near  the  lower  limit  with  respect  to  ary 
commercial  utilization  possibilities. 
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!  with  the  loss  of  seven  molecules  of 


Figure  2. — Distribution  of  mesquites  in  Texas,  New  Mexico,  and  Arizona. 


water.  It  is  belie\'ed  that  the  gum 
canals  in  mesquite  wood  are  lysigen- 
ous  in  origin. 

An  analysis  of  the  tannin  extractive 
from  the  wood,  bark  and  leaves  of 
mesquite  is  showm  in  Table  2. 

Past  Uses 

Past  utility  of  the  wood  has  been 
largely  for  fuelwood  and  fence  posts 
and  restricted  more  or  less  to  areas 
where  mesquite  stems  were  of  suffi¬ 
cient  size  for  such  uses.  The  roots  of 
certain  growth  forms  in  arid  regions 
are  oftentimes  quite  extensive  and 
have  been  used  for  fuelwood. 

Primary  factors  working  to  the  dis¬ 
advantage  of  mesquite  for  fence  posts 
are  its  crooked  form,  difficulty  in 
cutting  and  its  relatively  heavy  weight 
as  a  post.  Mesquite  posts  when  cut 
during  certain  months  in  the  winter 
or  when  soaked  in  alkali  ponds  are 
not  so  susceptible  to  attack  by  borers, 
the  principal  cause  of  deterioration. 
The  heartwood  is  quite  resistant  to 
fungi  and  termites.  Records  indicate 
that  mesquite  posts  may  be  service¬ 
able  for  forty  years  or  more  within 
the  mesquite  range.  If  wire  rather  than 
staples  are  employed  to  fasten  the 
fencing  to  the  post,  less  fence  repair 
will  be  needed  when  the  sapwood 
band  deteriorates  and  borers  infest  the 
po>ts.  Today,  relatively  few  mesquite 
trcxs  are  utilized  for  fence  posts  in 
Tc  xas.  Mountain  cedar  is  used  almost 


exclusively  for  fence  posts  within  the 
mesquite  areas  in  Texas. 

Mesquite,  because  of  its  high  heat 
value,  has  been  termed  "wooden  an¬ 
thracite”.  The  wood  burns  slowly  and 
evenly  and  "holds  the  heat”  well.  The 
wood,  however,  is  deleterious  to  iron 
grates  and  necessitates  frequent  re¬ 
placements.  With  the  extension  of 
natural  gas,  bottled  gas,  and  electric 
facilities,  the  use  of  mesquite  for  fuel- 
wood  has  declined  to  the  point  where 
relatively  little  such  use  is  made  of 
the  wood  today. 

A  limited  amount  of  mesquite  lum¬ 
ber  has  been  manufactured  and  used 
primarily  for  furniture. 

Mesquite  charcoal  produced  by  the 
open  pit  method  in  Mexico  has  been 
sold  in  the  United  States. 

In  passing,  it  is  of  interest  to  note 
the  uses  for  parts  of  the  tree,  other 
than  the  wood.  In  some  areas,  the 
flowers  are  an  important  source  of 
nectar  for  honeybees.  The  bean  pods 
may  serve  as  important  sources  of  feed 
for  cattle  during  periods  of  drought. 
The  beans  are  used  by  the  Mexicans 
for  bread  meal  and  in  San  Antonio 
today  such  meal  may  be  obtained.  The 
bean  pods  which  contain  sugars  have 
been  used  by  the  Mexicans  for  the 
preparation  of  alcoholic  concoctions. 
It  has  been  reported  that  the  leaves 
have  served  as  a  base  material  in  pre¬ 
paring  eye  lotions  and  for  use  in  con¬ 
nection  with  venereal  disease,  head¬ 


aches,  and  bleaching  agents  in  wash¬ 
ing  clothes.  The  bark  has  been  used 
for  cases  of  indigestion  and  diarrhea. 
The  roots  have  been  used  for  whips; 
the  thorns  for  spurs  and  pins.  Many 
of  these  uses  were  originated  by  the 
Indians  and  passed  on  to  the  Mex¬ 
icans. 

Potential  Utilization 

Inasmuch  as  the  wood  is  available 
mainly  in  small  sizes  and  is  crooked 
and  difficult  to  cut,  it  appears  that 
the  greatest  potential  use  for  the  wood 
in  large  volumes  lies  in  the  field  of 
chemical  conversion  rather  than  me¬ 
chanical  conversion,  or  the  use  of 
w<K)d  as  wood.  However,  where  local 
areas  support  tree-size  mesquite,  there 
is  at  least  one  promising  development 
in  the  field  of  mechanical  conversion, 
as  will  be  discussed  below. 

Chemical  Conversion 

The  production  of  charcoal  in  small 
low-cost  retorts — siich  as  the  Connec¬ 
ticut  type  kiln — may  hold  some  prom¬ 
ise  of  commercial  development  for 
mesquite.  In  fact,  some  Connecticut 
kilns  were  recently  installed  in  Ar¬ 
izona  for  the  production  of  mesquite 
charcoal.  This  was  an  aftermath  of  a 
test  run  on  mesquite  charcoal  com¬ 
pleted  several  months  ago  in  Connec¬ 
ticut  type  kiln  near  Conroe,  Texas 
(Fig.  5).  It  is  reported  that  current 
retail  prices  for  mesquite  charcoal 
near  the  Arizona  kilns  is  12  cents  per 
pound  in  five-  and  ten-pound  lots  and 
that  local  demand  for  the  coal  is 
strong.  Oak  charcoal  produced  and 
sold  in  Texas  retails  around  seven 
cents  a  pound  in  five-pound  lots. 
There  is  reason  to  belie%'e  that  mes¬ 
quite  charcoal  produced  and  sold  in 
Texas  would  command  a  price  equal 
to  or  higher  than  that  of  oak  char- 
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Table  2 — TANNIN  CONTENT  OF  MESQUITE 


Wood 

Heartwood  Collected 

Collected 

Bark  Collected 

Collected 

Beeville, 

College 

Beeville, 

College 

College 

rn 

Spur,  Tex. 

Texas 

Sta.,  Tex. 

Texas 

Sta.,  Tex. 

Sta.,  Tex. 

le  solids . . 

13.6 

17.00 

13.46 

11. .50 

15.75 

35.97 

.n _ _ 

5.0 

8.76 

3.32 

4.69 

6.18 

2.61 

'unnin . 

8.6 

8.24 

10.14 

6.81 

9.. 57 

33.36 

ible  solids _ 

2.1 

1.24 

1.18 

solids _  _ 

15.7 

18.24 

12.68 

V  on  soluble  solids  basis . 

...  36.6 

51.5 

24.7 

40.7 

.39.2 

7.26 

J'  aRNAL  of  FPRS 


Figure  3. — Bulldozer  with  extended  push 
bar  is  but  one  of  several  types  of  mechanical 
equipment  developed  for  use  in  the  eradi¬ 
cation  of  mesquite.  Killing  mesquite  by 
spraying  chemicals  from  airplanes  as  well 
as  the  use  of  kerosene  and  other  compounds 
through  ground  operations  is  also  practiced. 
Depending  upon  the  density  of  the  growth 
and  the  eradication  method  employed,  costs 
of  eradication  range  from  a  few  dollars  to 
fifty  dollars  per  acre. 

coal.  Retail  demand  for  mesquite 
charcoal  is  primarily  for  use  as  fuel  in 
charcoal  grills  or  barbeque  pits.  The 
larger  cities  and  resort  areas  in  the 
Southwest  will  probably  offer  the  best 
market  for  such  charcoal. 

Mesquite  charcoal  should  also  be 
suitable  for  use  in  steel  manufacture. 

The  feasibility  of  establishing  a 
chemical  plant  to  recover  the  conden¬ 
sible  gases  for  such  products  as  acetic 
acid  and  methanol  is  extremely  doubt¬ 
ful  in  view  of  the  low  cost  of  produc¬ 
ing  such  products  snythetically. 

A  cord  of  mesquite  wood  from 
Texas  yields  around  1000  pounds  of 
charcoal;  from  Arizona,  around  700 
pounds  of  charcoal.  Apparently  the 
main  reason  for  this  difference  in 
yield  lies  in  the  fact  that  the  Arizona 
mesquite  is  more  crooked  and  there¬ 
fore  a  lower  cubic  foot  content  of 
wood  is  contained  in  a  cord.  As  low 
as  50  cubic  feet  of  wood  per  cord  has 
been  reported  for  Arizona  mesquite. 

Mesquite  yields  a  good  grade  of 
charcoal  and  compares  favorably  to 
charcoal  now  on  the  market  produced 
from  other  domestic  species.  Tests  on 
mesquite  charcoal  including  moisture 
content,  total  volatiles,  fixed  carbon, 
ash,  specific  gravity,  and  crushing 
strength  applied  parallel  and  perpen¬ 
dicular  to  the  grain  indicate  that  the 
values,  except  that  of  ash  content,  are 
well  within  the  range  of  those  found 
and  considered  satisfactory  for  com¬ 
monly  marketed  domestic  charcoals. 
The  ash  content  on  a  basis  of  oven- 
dry  charcoal  averaged  5.70  percent  for 
charcoal  produced  from  Texas  mes¬ 
quite.  The  average  ash  content  for 
charcoal  commonly  produced  from 
domestic  wood  species  ranges  from  1.0 
to  5.0  percent.  This  higher  ash  con¬ 
tent  of  mesquite  charcoal  is  not  sur¬ 
prising  in  view  of  the  fact  that  the 
mesquite  wood  itself  normally  contains 


above  average  ash  content.  This  higher 
ash  content  would  be  more  likely  to 
degrade  the  coal  with  respect  to  actual 
carbon  yields  than  to  degrade  the 
charcoal  generally  marketwise. 

Tests  conducted  on  mesquite  char¬ 
coal  for  use  in  the  manufacture  of  ac¬ 
tivated  carbon  indicated  that  the  yield 
was  only  24  percent  (on  a  dry  basis)  at 
an  activity  level  of  175  (molasses  test). 
Loblolly  pine  sawdust  charcoal  by  com¬ 
parison  yielded  41  percent.  To  attain 
this  activity  level  (175),  loblolly  pine 
sawdust  charcoal  was  processed  in  41 
minutes;  mesquite  charcoal  was  proc¬ 
essed  in  92  minutes.  Qinsidering  time 
and  yield,  mesquite  charcoal  would 
only  be  one-fourth  as  good  a  raw 
material  as  loblolly  pine  sawdust  char¬ 
coal.  Thus  mesquite  charcoal  would 
have  to  be  available  at  a  much  lower 
price  than  that  of  loblolly  pine  saw¬ 
dust  charcoal  before  mesquite  char¬ 
coal  could  be  considered  as  a  suitable 
raw  material  for  the  production  of 
activated  carbon.  Such  a  price  rela¬ 
tionship  appears  unlikely  within  the 
near  future. 

Mesquite  Ash 

Ash  collected  from  burned  piles  of 
brush  in  land  clearing  operations  and 
containing  principally  mesquite  have 
been  analyzed  to  determine  possible 
fertilizer  value  of  the  ash.  The  results 
of  this  analysis  indicated  that  the  ash 
is  rather  low  in  phosphoric  acid  and 
potassium  oxide  but  high  in  calcium 
oxide.  (See  Table  3).  Magnesium 
oxide  amounted  to  1.44  percent. 

Table  3 — ANALYSIS  OF  ASH  FROM 
MESQUITE  CLEARINGS 


Percent 


Total  phoaphor  c  acid _ _  0.62 

Insoluble  phosphoric  acid _ _  0.39 

Available  phosphoric  acid . . 0.23 

Potash  as  potassium  oxide .  4.86 

Calcium  oxide _ _ _  28.78 

Magnesium  oxide _  1.44 


The  ash  might  be  used  locally  for 
soil  and  crop  improvement.  County 
agricultural  agents  should  be  able  to 
assist  in  evaluating  the  ash  for  a  given 
condition.  It  is'  doubtful  that  collec¬ 
tion  of  the  ash  for  sale  as  a  commer¬ 
cial  fertilizer  would  result  in  a  profit¬ 
able  business. 

Hydrolysis 

The  hydrolysis  of  mesquite  wood 
for  the  production  of  ethyl  alcohol  or 
of  wood  molasses  or  yeast  for  cattle 
feed  does  not  appear  feasible  at  this 
time. 

Mesquite  wood  contains  a  relatively 
low  carbohydrate  content  (around 
46%)  and  high  inert  material  that  ab¬ 
sorbs  some  of  the  sugar  and  decreases 


Figure  4. — Shake  occurring  in  m esq u lie 
stems  probably  results  from  wind  action  sn 
the  large  crowns  characteristic  of  tree-s  ze 
mesquite.  The  brittle  wood,  in  turn,  gives 
way  to  shake.  For  most  uses  of  the  wc 'd 
brought  about  through  mechanical  conv  r- 
sion,  such  defect  lowers  the  yield  or  vo  .le 
of  the  final  product. 

the  yield.  The  yield  of  reducing  su^  ir 
was  29.2  percent.  The  low  fermei  t- 
ability  (63%)  of  the  sugar  decreas  d 
the  yield  of  alcohol.  The  yield  of  '5 
percent  alcohol  was  only  27.8  gallc  is 
per  ton  of  wood.  However,  due  to  t;ie 
greater  density  of  mesquite  wood,  t  le 
yield  of  95  percent  alcohol  per  cut  ic 
foot  of  digester  space  was  1.95  pounds. 

The  inhibiting  substances  that  de¬ 
layed  fermentation  slowed  the  produc¬ 
tion  of  yeast  but  upon  acclimatization 
the  yeast  grew  readily  on  the  sugar. 
The  yield  of  yeast  amounted  to  40  pi-r- 
cent  of  the  sugar  or  around  12  pe  r¬ 
cent  of  the  weight  of  the  wood. 

Paper  and  Board  Products 

A  fair  quality  hardboard  was  pro¬ 
duced  by  grinding  the  whole  tree 
(leaves,  bark,  wood,  etc.)  and  bind¬ 
ing  together  with  a  cheap  binder  by  a 
semi-wet  process  (Fig.  6).  This  type 
of  raw  material  is  frequently  bunched 
for  burning  in  land  clearing  operations 
(Fig.  7).  Portable  chippers  could  be 
employed  at  the  site.  Additional  tests 
and  cost  analyses  are  needed  to  deter¬ 
mine  commercial  opportunities  for 
such  a  product. 

Data  is  not  available  concerning  the 
possibilities  of  softboard  and  h.ird- 
board  produced  from  mesquite  w  'od 
alone.  Data  on  semi-chemical  ind 
chemi-groundwood  pulping  of  n.cs- 
quite  is  also  unavailable. 

Limited  tests  were  conducted  on 
sulfate  pulping  merely  because  of  ihe 
convenience  of  the  facilities  of  a  h  cal 
pine  sulfate  mill.  The  mesquite  chips 
were  loaded  into  a  perforated  stair  ess 
steel  basket  and  suspended  six  eet 
from  the  top  of  the  digester.  The  di¬ 
gester  was  then  loaded  with  the  reg  lar 
pine  chips  and  a  normal  liquor  cha  ee. 
Yields  of  mesquite  pulp  cooked  o.i  a 
regular  southern  pine  schedule  by  he 
sulfate  process  were  only  26.8  perc  nt 
compared  to  around  47  percent  y.'  Id 
on  southern  pine.  Although  the  ries- 
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Figure  5. — Charcoal  resulting  from  a  test 
run  of  one  cord  of  green  Texas  mesquite 
and  one  cord  of  oir-dry  Arizona  mesquite. 
Both  cools  were  produced  simultaneously  in 
o  Connecticut-type  kiln  near  Conroe,  Texas. 
During  commercial  operations,  mesquite  wood 
with  such  wide  differences  in  moisture  con¬ 
tent  should  not  be  charred  simultaneously 
in  the  same  retort. 

quite  was  probably  not  pulped  at  opti¬ 
mum  conditions,  the  low  yield  was  ap¬ 
parently  not  due  to  excessive  degra¬ 
dation  of  the  cellulose  inasmuch  as  the 
permanganate  number  was  94.  In¬ 
stead  of  refining  the  mesquite  pulp  in 
the  Noble  and  Wood  laMratory  type 
beater  for  one  hour  as  is  the  usual 
procedure,  the  refining  was  stopped  at 
16  minutes  because  the  metal  roll  con¬ 
tacted  the  metal  bed  plate.  However, 
the  values  of  freeness,  points  mullen, 
percent  mullen,  and  grams  tear  16 
ply,  for  mesquite  pulp  were  consider¬ 
ably  below  those  of  southern  pine  pulp 
at  the  end  of  fifteen  minutes  beating 
time.  Examination  on  the  blue  glass 
indicated  that:  (1)  the  cooked  mes¬ 
quite  pulp  had  a  fiber  length  approxi¬ 
mating  that  of  pine  groundwood  and 
(2)  there  was  an  estimated  15  per¬ 


cent  by  weight  of  trashy  rejects  or 
nonpulped  material.  Mixtures  of  un¬ 
bleached  mesquite  pulp  and  un¬ 
bleached  pine  pulp  did  not  appear  to 
offer  any  advantages.  The  paper  pro¬ 
duced  from  the  mixed  pulps  contained 
dark-colored  spots.  This  was  probably 
due  to  the  tannin  in  the  mesquite. 

Tannin  Extraction 

As  discussed  above  under  "physical 
and  chemical  properties”,  the  mesquite 
wood  and  bark  contains  tannin.  The 
yield  of  tannin  is  probably  too  low  to 
support  commercial  extraction  of  tan¬ 
nin  alone.  However,  if  tannin  extrac¬ 
tion  could  be  combined  with  the  use 
of  tannin-spent  chips  for  processing 
into  some  commercial  product,  then 
tannin  extraction  might  become  profit¬ 
able  for  uses  such  as  in  oil  drilling 
muds  and  tanning  hides.  Certainly 
there  is  a  wealth  of  hides  as  well  as 
oil  drilling  activities  in  the  area  sup¬ 
porting  mesquite  growth. 

Mechanical  Conversion 

Flooring:  The  hardness  and  beauty 
combined  with  the  relatively  low 
shrinkage  values  of  mesquite  wood 
suggests  its  use  as  flooring. 

Laminated  flooring  was  successfully 
produced  from  a  half  a  carload  of 
mesquite  lumber  shipped  from  Texas 
to  TVA’s  experimental  continuous  type 
flooring  mill.  The  flooring  is  produced 
from  thin  strips  by  laminating  the 
best  grade  and  next  best  grade  on  the 
top  and  bottom  respectively  with  the 
poorest  grade  cross-laminated  in  the 
center.  In  comparison  with  the  com¬ 
monly-used  cull  oak  timber  in  the 
TVA  area,  mesquite  resulted  in  less 
waste  and  was  easier  to  saw  and  plane 
but  more  brittle  than  oak.  The  lami¬ 
nated  mesquite  flooring  was  bonded 
with  a  phenol-resorcinol  glue  at  150 
p.s.i.  pressure  and  a  glue  spread  of  70 


Figure  6. — Hardboard  produced  from  mes¬ 
quite  branches — including  leaves,  thorns, 
pods,  wood  ond  bark.  A  cheap  binder  was 
used  in  a  semi-wet  process,  resulting  in  a 
strong  board  at  low  cost  and  suitable  for 
interior  use. 

pounds  per  thousand  square  feet  of 
finished  plank,  a  glue  line  tempera¬ 
ture  of  200°  F.,  and  a  press  time  of 
two  minutes.  These  were  the  same  con¬ 
ditions  used  on  laminated  oak  floor¬ 
ing.  A  few  months  ago  I  inspected 
some  of  these  laminated  mesquite 
planks  used  for  flooring  and  wall 
panelling  in  a  Texas  home.  After 
seven  years  of  use,  the  material  ap¬ 
peared  to  be  in  excellent  condition. 
However,  mesquite  trees  of  sufficient 
size  to  produce  sawlogs  are  not  prev¬ 
alent  and  for  this  reason  we  should 
not  expect  any  great  utilization  trend 
toward  such  flooring  or  other  products 
demanding  lumber  as  raw  material. 

There  is  one  type  of  flooring  under 
development  which  appears  to  hold 
considerable  promise  because  it  utilizes 
mesquite  trees  of  small  diameter.  The 
bolts  are  cut  on  a  gang  saw  into  cross- 
section  wafers.  After  seasoning,  the 
(Continued  on  page  220) 


figure  7. — After  bunching  the  mesquite  in  land  clearing  opera- 
I' ‘Hs,  it  is  common  practice  to  bum  the  material.  Here  a  man  is 
i>ng  a  can  with  fuel  oil  preparatory  to  starting  the  fire.  In  con- 
St  to  this  non-use  or  waste,  a  portable  chipper  could  reduce  this 
'  ^  material  to  small  pieces  for  the  production  of  hardboord  as 
S'  3wn  in  Figure  6— or  the  larger  pieces  could  be  selected  for  the 
t'  eduction  of  charcoal  os  shown  in  Figure  5. 


Figure  S. — Mesquite  block  flooring  produced  by  cutting  obliquely 
across  small-diameter  bolts  is  shown  above.  Polygon-shape  pieces 
with  equal  length  sides  ore  produced  by  cutting  at  right  angles 
across  the  lorger-diometer  bolts.  Small  areas  of  the  yellow  sap- 
wood  may  be  left  on  the  corners  for  color  effects.  The  disad¬ 
vantage  of  the  shake  prevalent  in  most  pieces  might  be  overcome 
through  clever  scissmanship. 
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Wood  in  a  Gulf  Coast  Chemical  Plant 

V.  B.  VOLKENING 

Group  Leader  in  Chemical  Engineering  Department,  Texas  Division  of  the 
Dow  Chemical  Company,  Freepon,  Texas 


The  value  of  the  preservative  treatment  for  all  wood  is  stressed. 
Examples  of  failures  of  untreated,  improperly  or  poorly  treated 
wood  are  included.  Examples  of  wood  as  a  replacement  for  steel 
are  indicated.  Quantities  required  for  the  annual  maintenance  pro¬ 
gram  and  the  amount  of  timber  used  as  piles  and  poles  in  a  Gulf 
coast  chemical  plant  are  given. 

The  need  for  better  preservatives  for  marine  use  is  suggested 
and  an  urgent  need  for  fire  proofing  wood  is  illustrated. 


Popular-magazine  articles  dealing 
with  the  American  chemical  indus¬ 
try,  appearing  in  numbers  in  recent 
years,  have  painted  a  fairly-well  stand¬ 
ardized  picture  of  chemical  plants. 
There  are  great  steel  towers,  weirdly 
shaped,  rising  high  into  the  skies. 
There  are  steel  tanks — spherical,  cylin¬ 
drical,  square,  conical — grouped  about 
the  towers.  Miles  and  miles  of  steel 
pipe  lace  these  units  together,  and  tie 
them  into  other  units  such  as  boilers, 
generators,  reactors,  pumps. 

The  picture  is  one  of  metals  at 
work. 

Yet,  under  and  around  and  through 
that  pattern  of  metallic  structures, 
there  is  another  pattern — made  of 
wood.  Wood,  as  experience  in  the 
Texas  Division  plants  of  The  Dow 
Chemical  Company  has  demonstrated, 
takes  an  integral  part  in  chemical 
plant  operations.  There  are  many  basic 
structures  for  which  wood  is  the  only 
practical  material. 

More  important,  trial  has  proved 
that  the  very  nature  of  some  chemical 
operations  makes  wood,  not  an  accept¬ 
able  but  the  preferred  material  for 
certain  installations.  Examples  of  this 
will  be  presented  later.  As  a  begin¬ 
ning,  let  us  examine  some  facts  about 
the  Dow  Texas  Division  plants  and 
the  use  of  wood  there. 
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The  plant  sites  of  the  Texas  Divi¬ 
sion  of  the  Dow  Chemical  Company 
are  in  south  eastern  Brazoria  County, 
near  the  mouth  of  the  Brazos  River 
and  on  the  Gulf  of  Mexico.  The  re¬ 
gion  is  a  low  coastal  plain,  and  eleva¬ 
tions  of  the  plant  sites  range  from  4 
to  10  feet  above  sea  level. 

It  is  hard  to  determine  whether 
location  of  sources  of  structural  wood 
was  considered  in  choosing  this  plant 
site;  in  all  probability,  this  factor 
would  have  been  given  little  weight 
in  comparison  to  other,  more  primary, 
considerations.  At  any  rate,  the  Texas 
Division  now  finds  its  nearest  large 
source  of  wood  as  a  structural  mate¬ 
rial  to  be  in  the  East  Texas-Louisiana- 
Arkansas  region — as  shown  in  Fig¬ 
ure  1. 

From  sources  in  the  south  comes 
the  wood  most  widely  used,  by  vol¬ 


ume,  in  Dow’s  Texas  Division  plants 
This  is  the  long-  and  short-leaf  yellov 
pine,  employed  as  common,  yard,  ani’ 
select  lumber  for  all  structural  pur 
poses. 

Fir  ranks  second  to  pine  in  volum. 
of  usage.  Having  somewhat  greate 
durability  than  pine,  (1)  fir  is  prin 
cipally  used  in  piling,  poles,  and  cross 
arms  and,  to  a  lesser  extent,  as  struc 
tural  lumber  for  buildings.  But  to 
secure  fir,  as  Figure  1  shows,  the 
Texas  Division  must  go  a  considerable 
distance  to  obtain  the  finished  timber 
needed. 

Another  distant  source  is  that  for 
finished  redwood,  as  shown  here  in 
Figure  1.  Volume  needs  for  redwood 
are  not  too  great,  this  material  finding 
its  principal  use  in  cooling  towers  for 
handling  waters  in  various  processing 
plants.  Other  woods — oaks,  gums, 
ashes — are  used  in  relatively  small 
quantities  in  cross  and  switch  ties, 
pallets,  dunnage,  and  similar  forms. 

Wood  Requirements 

All  in  all,  the  annual  requirement 
for  structural  wood  in  the  Texas  Divi¬ 
sion  has  undergone  a  steady  increase. 
Much  of  this  increase  stems  from  the 


Figure  1. — Freeport  and  principal  sources  of  structural  lumber. 
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Figure  2. — Untreated  window  frame  and  sill  decaying 
after  seven  years. 


Figure  3. — Untreated  rafters  and  framing  decaying 
after  six  years. 


Figure  5. — Stacks  impregnoted  with  coal  tor  against 
chemical  attack. 


Figure  4. — Comparing  untreated  wood  framing  with  treated  studs 
showing  termite  attack  after  five  years. 


tremendous  growth  of  the  Dow  Chem¬ 
ical  Company  plants  in  Texas  since 
the  first  installation  some  thirteen 
years  ago.  Construction  needs,  of 
course,  vary  with  the  extent  of  con¬ 
struction  programs.  But  a  good  indi¬ 
cation  of  continuing  wood  require¬ 
ments  is  offered  by  statistics  on  volume 
of  wood  used  for  maintenance;  in  the 
three-year  period, '  1950-1952,  inclu¬ 
sive,  a  total  of  1,861,936  board  feet 
of  lumber  was  required  for  mainte¬ 
nance  alone;  the  average  annual  usage 
for  upkeep  purposes  was  about  620,600 
board  feet.  These  figures  are  lump 
sum  totals  covering  all  forms. 

It  may  be  well,  however,  to  present 
some  detail  on  one  construction  lum¬ 
ber  item — a  round  stock,  or  poles  and 
piles.  As  stated  previously,  these  plant 
sites  are  only  a  few  feet  above  sea 
level.  And  the  need  for  piling  is  in- 
cn  .ised  since,  in  the  dredging  of  canals 
and  rivers,  much  silt  has  been  pumped 
onto  the  ground  so  that  the  soils  are 
cb.iracterized  by  a  low  bearing  capacity. 

lulling  is,  therefore,  widely  used.  It 
is  -  urrent  practice  to  divide  all  piling 
inni  two  classes,  according  to  different 
u«  s  and  different  preservative  treat- 
iTi  '  ts  applied  on  basis  of  such  use. 
In  -jne  class  are  grouped  all  piling  used 


for  inland  structures — such  as  sup¬ 
ports  for  tanks,  equipments,  and  build¬ 
ings.  The  seconcl  class  covers  piling 
used  in  salt  water  structures — for 
docks,  bridges,  wharves,  and  fenders. 

The  other  principal  uses  of  round 
stock  are  in  transmission  pole  lines 
and  in  fence  posts.  Since  the  plant 
properties  include  approximately  8,000 
acres,  it  is  obvious  that  many,  many 
feet  of  lumber  find  their  way  into 
fence  lines. 

In  view  of  these  conditions,  it  is 
not  surprising  that,  in  the  three  years 
from  1950  to  1952,  inclusive,  the 
Texas  Division  construction  program 
consumed  448,031  linear  feet  of  pil¬ 
ing.  As  for  poles,  a  single  year’s  re¬ 
quirement,  that  for  1951,  was  24,630 
linear  feet. 

Whatever  the  end  use  for  which  it 
is  intended,  all  structural  wood  in 
permanent  installations  in  Dow’s  Texas 
Division  plants  is  given  preservative 
treatment.  This  has  been  standard  pro¬ 
cedure  since  1947. 

Persons  not  familiar  with  wood — 
or  the  plant  environment — may  think 
it  odd  that  preservative  treatment  be 
made  standard  even  for  wood  used 
above  ground.  The  motive  is  easily 
demonstrated  in  the  next  few  figures. 


Figure  2  presents  an  example  of  what 
happens  to  wood  along  the  Gulf  Coast 
showing  a  sill  and  window  frame  in 
a  building  in  the  plants.  These  fram¬ 
ing  members  were  untreated  when  in¬ 
stalled  about  seven  years  before  re¬ 
moval.  But  in  that  relatively  short 
time,  it  had  been  completely  riddled 
by  decay.  Figure  3,  a  view  of  over¬ 
head  framing  in  a  home  near  the 
plants,  shows  rather  severe  results  of 
decay.  This  building  was  less  than 
six  years  old  when  this  photograph 
was  taken.  Figure  4  shows  side  fram¬ 
ing  in  a  plant  building.  The  two  mem¬ 
bers  showing  severe  results  of  termite 
attack,  after  five  years  service,  are  the 
only  untreated  wood  in  view — and 
contrast  sharply  with  the  condition  of 
the  other  members,  which  were  pre¬ 
servative  treated. 

There  are  other  attackers  from 
which  it  is  necessary  to  protect  wood 
used  in  these  plants.  The  plants  pro¬ 
duce  chemicals,  and  the  plant  processes 
give  rise  to  conditions  which  must  be 
borne  in  mind  in  any  use  of  wood. 
Here,  as  an  example.  Figure  5,  is  a 
series  of  stacks  which  were  impreg¬ 
nated  with  a  coal  tar  as  protection 
against  fumes  from  nearby  processing. 
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Figure  6. — Coal  tar  impregnated  timber  decaying  because 
of  trapped  moisture. 


Figure  7. — ^View  of  treated  wood  test  station. 
Lake  Jackson,  Texas. 


Figure  8. — Result  of  Limnoria  damage  on  fourteen  inch 
‘  pile  in  six  years. 


Figure  9. — Bridge  collapsed  because  of  Limnoria 
damage  to  piling. 


In  some  cases,  a  protective  treatment 
has  failed  to  give  complete  protection 
to  lumber,  as  in  the  timber  shown  in 
Figure  6.  A  coal  tar  impregnation  re¬ 
sulting  principally  in  a  surface  coating 
was  applied  here,  to  protect  against 
chemical  damage;  but  the  coating 
trapped  moisture  inside  the  timber,  so 
that  decay  organisms  destroyed  it  com¬ 
pletely.  This  is  an  example  of  expos¬ 
ing  a  member  to  conditions  for  which 
it  was  not  prepared. 

This  and  similar  cases  of  wood  fail¬ 
ure  have  given  rise  to  serious,  but 
probably  familiar,  questions  on  wood 
usage.  Why,  for  instance,  does  a  struc¬ 
tural  member  give  excellent  service 
for  twelve  years  while  another — simi¬ 
larly  treated  and  similarly  exposed — 
fails  in  less  than  a  year?  Answers  may 
not  always  be  apparent:  the  protective 
coating  or  the  preservative  may  have 
been  short  of  specifications;  the  speci¬ 
fications  themselves  may  be  short  of 
those  actually  required;  the  treatment 
may  have  been  faulty;  or  the  wood 
may  have  had  imperfections  that  no 
treatment  could  overcome. 

Test  Program 

Looking  for  a  broader  base  of 
knowledge  as  a  lead  to  better  prac¬ 


tices  in  wood  usage,  a  test  program 
has  been  undertaken  in  Dow’s  Texas 
Division.  Figure  7  shows  the  test  plot 
where  various  woods,  in  treated  and 
untreated  conditions,  are  compared  for 
durability.  Nearly  2,000  individual 
specimens  are  on  exposure  here,  in 
tests  aimed  primarily  at  securing  in¬ 
formation  to  guide  use  of  woods  in 
inland  locations,  both  above  and  in 
contact  with  the  soil. 

In  the  Texas  Division  plants,  as 
previously  mentioned,  wide  use  is 
made  of  timber  piling,  much  of  which 
is  in  seawater.  Failures  which  have 
occurred  in  such  piling  have  a  familiar 
cause — the  limnoria,  one-fifth  of  an 
inch  in  length,  yet  capable  of  reducing 
the  diameter  of  piling  as  much  as  one 
inch  a  year.  The  pile  in  Figure  8  is 
an  example;  it  was  reduced  from  14 
inches  to  seven  inches,  in  a  period  of 
six  years. 

When  this  type  of  damage  is  wide¬ 
spread,  accidents  like  that  shown  in 
Figure  9  can  be  caused  by  the  lim¬ 
noria.  Treatment  of  the  bridge  piling 
did  not  prevent  damage  and  a  failure 
that  dropped  a  dragline  into  the 
water,  fortunately  without  injury  to 
any  personnel. 


For  better  pilings,  as  for  better 
structural  wood  for  other  uses,  the 
test  program  includes  a  marine  borer 
test  location.  Nearly  400  specimens  of 
treated  wood  are  undergoing  tests,  in¬ 
cluding  some  that  have  been  on  ex¬ 
posure  since  1947. 

Results  in  these  test  programs  have 
been  guides  in  revising  specifications 
for  treatment  of  wood  used  in  these 
plants.  Generally  speaking,  three  types 
of  treatment — coal  tar,  creosote,  and 
pentachlorophenol — have  been  basic 
since  1947,  when  the  original  set  of 
specifications  was  adopted.  Changes 
have  been  made  as  experience  indi¬ 
cated  and  always  with  the  goal  that 
all  wood  be  given  the  best  possil  le 
preparation  for  the  end  use  for  whieh 
it  is  intended.  These  wood  treatment 
specifications  are  set  forth  in  an  .  > 
pendix  to  this  paper.  Briefly,  ior 
marine  piling  we  use  a  mixture  c(.n- 
taining  70%  Grade  No.  1  creos'  te 
and  30%  coal  tar  impregnating  the  n 
to  refusal.  For  lumber  in  contact  w  h 
acids  or  acid  environments  a  full  c  11 
treatment  with  coal  tar  is  used.  -  11 
other  lumber  poles,  piles,  cross  an "s, 
cross  ties,  siding,  millwork,  etc.  is 
preservative  treated  with  pentachlot  > 
phenol.  The  amount  of  retention  spc'  i- 
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Figure  10.- 


-Walkway  of  treated  wood  installed 
in  1944. 


Figure  1 1 . — Appearance  of  same  walkway  more  than 
eight  years  later. 


fieci  depends  upon  the  severity  of 
exposure. 

It  has  been  said  that  extensive  use 
of  wood  is  practiced  in  Dow’s  Texas 
Division  structures.  In  some  cases, 
there  is  little  of  the  unusual  in  these 
uses  of  wood — as  in  these  walkways 
of  treated  lumber.  Figures  10  and  11 
reflect  experience  in  the  use  of  such 
walkways.  The  pictures  show  the  same 
structure  at  installation  and  after  eight 
years  service,  with  virtually  no  deterio¬ 
ration  or  wear  visible. 

It  might  also  appear  that  the  wood 
hand  rails  in  Figure  12  offer  nothing 
of  special  interest  as  a  use  of  wood. 
But  they  are  different.  Originally,  the 
hand  rails  in  this  structure  were  made 
of  steel.  But  six  or  eight  years  after 
installation,  and  despite  a  vigorous 
and  continuing  program  of  painting, 
rust  damage  had  so  reduced  the  steel 
i  rails  that  they  were  replaced  by  a  bet- 
j  ter  material — treated  wood. 


Figur  >2. — Preservative  treated  waad  hand 
ails  which  have  replaced  steel. 
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Similarly,  the  floor  grating  at  a  sea¬ 
water  intake  (Figure  13)  was  also  a 
steel  structure  when  installed.  Some 
six  years  later,  the  steel  grating  was 
removed  and  a  wood  grating,  treated 
with  pentachloropheiiol,  was  installed. 
At  the  most  recent  inspection,  after 
seven  years  of  service,  the  wood  grat¬ 
ing  was  still  rated  as  being  in  very 
good  condition. 

Perhaps  there  is  some  wonder  as 
to  precisely  why  steel  must  be  replaced 
by  wood.  Atmospheric  corrosion  of 
metal  is  the  general  answer.  For  a 
more  specific  indication,  consider  these 
findings,  of  tests  made  over  a  seven- 
year  period.  To  provide  an  interna¬ 
tional  scale  of  comparison  for  condi¬ 
tions  of  atmospheric  corrosion,  a  base 
value  of  "1”  has  been  assigned  to 
Khartoum,  Egypt  (2).  In  the  tropical 
and  marine  climate  of  Singapore,  the 
atmospheric  corrosion  is  rated  as  ”9”. 
Pittsburgh,  Pennsylvania,  provides  a 
more  familiar  example  of  an  indus¬ 
trial  area’s  atmospheric  corrosion,  hav¬ 
ing  a  rating  of  "65”.  In  the  area  of 
the  Texas  Division  plants,  three  rat¬ 
ings  have  been  determined:  twelve 
miles  inland,  it  is  "19”;  one  mile  in¬ 
land,  it  is  "39”;  in  the  heart  of  our 
processing  areas,  the  rate  reaches  a 
staggering  "501”. 

Figure  14  provides  a  close-up  view 
of  what  can  happen  to  steel  under 
such  conditions.  Another  example  is 
the  steel  grating  in  Figure  15.  Although 
this  structure  was  given  regular,  peri¬ 
odic  maintenance  during  six  years  in 
service,  it  corroded  so  severely  that  it 
gave  way  and  caused  a  man  to  fall  15 
feet.  Wood  has  been  substituted  as 
the  preferred  material  here. 

There  is  one  unique  use  of  wood  in 
the  Dow  plants.  Figure  16  shows  some 
propellers,  wood  propellers,  that  were 
originally  made  for  use  in  a  World 
War  I  airplane.  They  are  re-worked 
to  a  new  pitch,  given  some  adjustment 
and  then  painted  (Figure  17).  Finally, 
these  wood  propellers  go  into  service 


— as  exhaust  fans  in  a  processing 
plant  stack.  They  handle  1 30,000  cubic 
feet  of  gas  per  minute,  cleaning  out 
the  moisture-laden  gas  and  its  small 
quantities  of  chlorine  and  hydrochloric 
acid.  These  propellers  have  given  good 
service  over  extended  periods. 

Before  concluding  this  report,  it 
might  be  well  to  briefly  consider  some 
of  the  shortcomings  noted  in  wood  as 
used  in  the  Texas  Division.  In  this 
regard,  chemical  plant  experience 
probably  coincides  closely  with  that  of 
other  industries. 

Wood  is  easily  worked,  it  is  easily 
shaped,  it  is  easily  handled.  But  it  is 
one  of  the  most  variable,  highly  non- 
uniform  materials  in  the  entire  struc¬ 
tural  picture.  Even  from  board  to 
board,  there  are  variations  in  impor¬ 
tant  factors — as  the  possible  causes  of 
variation  are  so  legion  that  absolute 
prediction  of  service  results  is  all  but 
impossible. 

Furthermore,  the  results  of  protec¬ 
tive  and  preservative  treatments  are 
not  completely  satisfactory.  Treatment 
helps,  and  the  practice  of  treatment 
of  structural  lumber  is  in  no  danger 
of  discard.  The  increase  in  service  life 
gained  by  treatment  is  a  most  positive 
advantage;  but — particularly  in  the 
case  of  marine  pilings — improved  pre¬ 
servatives  would  be  a  boon  to  wood 
users. 

Another  of  wood’s  shortcomings  is 
vulnerability  to  fire.  A  fire  recently 
occurred  in  a  construction  office  in 
Dow’s  Texas  Division.  The  destruc¬ 
tion  of  this  untreated  wood  building, 
while  not  a  crippling  or  staggering 
loss,  was  a  set-back  in  that  many  rec¬ 
ords,  instruments  and  items  of  office 
equipment  were  also  lost.  Perhaps  such 
fires  as  this  will  one  day  be  reduced 
in  severity,  or  even  completely  pre¬ 
vented,  by  the  development  of  a  pre¬ 
servative  that  also  has  fire-proofing- 
qualities. 
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Figure  16. — View  of  wood  propellers  being  repaired  for 
use  os  process  exhaust  fans. 


Figure  17. — Same  propellers  after  repair  and  painting 
ready  for  service. 


More  Answers  Needed 

In  closing,  it  should  be  emphasized 
that  Dow’s  Texas  Division  plants  are 
not  unique  in  a  widespread  use  of 
structural  wood.  This  discussion  covers 
only  a  few  of  the  uses  that  Dow  and 
other  members  of  the  chemical  indus¬ 
try  have  found  for  forestry  products. 
A  strong  belief  that  wood  has  positive 
advantages  is  demonstrated  by  the  ex¬ 
tent  of  the  testing  program  undertaken 
in  search  of  improvements  for  wood¬ 
using  and  wood-treating  practices. 

At  the  same  time,  it  is  safe  to  say 
that  the  chemical  industry  is  looking 
to  the  forest  products  industry  for  the 
answers  to  some  widespread  problems. 
Given  better  woods,  improved  pre¬ 
servative  treatments,  and  effective  fire¬ 
proofing,  the  chemical  industry  will 
obviously  be  ready  to  expand  an 
already  extensive  use  of  wood  in 
chemical  processing  plants. 

Specifications  For  Wood  Treatment^ 

Scope:  All  wood  piles,  service  line 
poles,  structural  and  other  lumber  in¬ 
cluding  millwork  shall  be  treated  in 
accordance  with  these  specifications  as 
required  for  function,  treatment 

*  The  above  typical  specihcatioil  was  obtained 
from  an  industrial  plant  in  the  Gulf  Coast  area. 


method  and  treatment  preservative 
when  so  specified  on  the  drawings  or 
bill  of  materials  unless  otherwise  noted 
thereon. 

Treated  Wood  Functions 

Piles  shall  be  southern  pine  or 
Douglas  fir. 

a)  Piles,  fresh  water  and  founda¬ 
tion,  which  are  to  be  capped  below 
water — untreated. 

b)  Piles,  fresh  water  and  founda¬ 
tion,  which  are  to  be  capped  above 
low  water  level — shall  be  treated  and 
penetrations  shall  conform  to  the 
A.  W.  P.  A.  Specification  T3-49 
"Standard  Specification  for  the  Pre¬ 
servative  Treatment  of  Piles  by  Pres¬ 
sure  Processes”  to  a  minimum  net  re¬ 
tention  of  12  Ibs./cu.  ft.  of  "5% 
penta*  petroleum  oil**  solution”. 

c)  Piles,  for  use  in  seawater,  shall 
be  treated  and  penetrations  shall  con¬ 
form  to  A.  W.  P.  A.  Specification 

*  The  pentachlorophenol  used  shall  conform 
to  A.  W.  P.  A.  Specification  P8-49  "Standard 
Specifications  for  Oil  Borne  Preservative”. 

••  The  oil  used  shall  conform  to  A.  W.  P.  A. 
Specification  P9-49  "Standard  Specification  for 
Petroleum  for  Use  with  Pentachlorophenol  and 
Copper  Naphthanate”. 

Note:  All  retentions  of  preservative  solutions 
are  expressed  in  pounds  of  solution  per  cubic 
foot  of  wood  except  where  otherwise  indicated. 


T3-49,  "Standard  Specification  for  the 
Preservative  Treatment  of  Piles  by 
Pressure  Processes”  to  refusal  (ap¬ 
proximately  24  Ibs./cu.  ft.  for  pine) 
with  a  mixture  containing  70%  Grade 
No.  1  creosote  and  30%  coal  tar. 
Piling  treated  with  "5%  penta  petro¬ 
leum  oil  solution”  are  not  resistant  to 
marine  borers  and  are,  therefore,  not 
to  be  used  in  direct  contact  with  sea¬ 
water. 


Figure  15. — Portion  of  steel  gratinc 
which  failed. 
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ct  )  Transmission  or  Service  Line 
Polos,  southern  yellow  pine,  shall  be 
tre...ccl  and  penetrations  shall  conform 
to  A.  W.  P.  A.  Specification  T4-49, 
"Si.  ndard  Specifications  for  the  Pre- 
ser  itive  Treatment  of  Poles  by  Pres- 
suri  Processes”  to  a  minimum  net  re¬ 
fer' lon  of  12  Ibs./cu.  ft.  of  "5% 
pci 'a*  petroleum  oil**  solution”. 

I  >ouglas  fir  shall  be  treated  by  an 
enr,  ty  cell  pressure  process  to  a  mini- 
mu:!!  retention  of  8  Ibs./cu.  ft.  of  a 
"5  0  penta*  petroleum  oil**  solu- 
tic':i’. 

, )  Cross  and  Switch  Ties,  south- 
err  yellow  pine,  oak,  black,  of  red 
gum  shall  be  treated  and  penetration 
sh.ill  conform  to  A.  W.  P.  A.  Specifi¬ 
cation  T6-49,  "Standard  Specification 
for  the  Preservative  Treatment  of 
Crossties  and  Switch  Ties  by  Pressure 
Processes”  to  a  minimum  retention  of 
8  Ibs./cu.  ft.  for  southern  pine,  black 
or  red  gum,  6  Ibs./cu.  ft.  for  red  oak 
and  to  refusal  for  white  oak  with  a 
"y/c  penta*  petroleum  oil**  solu¬ 
tion”. 

f)  Cross  Arms,  Douglas  Fir,  shall 
be  treated  by  pressure  to  a  retention 
of  6  Ibs./cu.  ft.  or  by  the  hot  and  cold 
dip  method  using  a  minimum  of  two 
hours  at  230°  F.  and  two  hours  at 
130°  F.*  in  a  "5%  penta*  petroleum 
oil**  solution”.  All  boring  and  cut¬ 
ting  shall  be  completed  before 
treating. 

Southern  yellow  pine  shall  be 
treated  by  an  empty  cell  pressure  proc¬ 
ess  to  a  minimum  retention  of  8 
Ibs./cu.  ft.  of  a  "5%  penta*  petro¬ 
leum  oil**  solution”. 

g)  Structural  Lumber,  southern 
yellow  pine,  for  use  in  cooling  towers 
shall  be  treated  by  a  method  which 
shall  give  a  minimum  net  retention 
of  12  Ibs./cu.  ft.  of  a  "5%  penta* 
petroleum  oil**  solution”. 

h)  Structural  Lumber,  all  species, 
and  other  wood  construction  material 


to  be  iwed  in  contact  with  the  ground 
and  exposures  of  similar  severity,  and 
not  to  be  painted,  shall  be  treated  by 
a  method  which  shall  give  a  minimum 
net  retention  of  8  Ibs./cu.  ft.  of  "5% 
penta*  petroleum  oil**  solution”.  For 
bridge  material  a  minimum  net  reten¬ 
tion  of  12  Ibs./cu.  ft.  shall  be  used. 
Where  an  especially  clean  treated 
wood  is  desired,  the  oil  shall  meet 
A.  W.  P.  A.  Specification  P9-49, 
Section  B. 

i)  Structural  Lumber,  all  species, 
for  exterior  and  interior  use,  to  be 
painted,  varnished,  or  left  unfinished 
shall  be  treated  by  a  method  resulting 
in  a  net  retention  of  24  gallons  per 
thousand  board  feet  of  water  repellent 
preservative  containing  5%  chlorinated 
phenols.  (In  the  case  of  "difficult  to 
treat”  wood  such  as  Douglas  fir  the 
treatment  shall  be  to  refusal  if  a  re¬ 
tention  of  24  gallons  per  thousand 
board  feet  cannot  be  attained.) 

j)  Millwork  shall  be  dipped  into 
a  water  repellent  preservative  solution 
containing  5%  chlorinated  phenols  ac¬ 
cording  to  the  National  Woodwork 
Manufacturers  Association  for  a  mini¬ 
mum  period  of  three  (3)  minutes. 

k)  Structural  Lumber,  all  species, 
for  exposure  to  extreme  alkali  or  acid 
conditions  shall,  after  proper  season¬ 
ing,  be  impregnated  by  immersing  in 
a  vat  of  crude  paraffin  at  a  minimum 
of  250°  F.  for  72  hours.  Then  the 
temperature  of  the  bath  shall  be  low¬ 
ered  to  190°  F. 

l)  Structural  Lumber,  to  be  used 
in  contact  with  acids  or  acid  environ¬ 
ments  shall  be  treated  by  a  full  cell 
pressure  treatment  using  coal  tar.  This 
process  is  known  as  niggerizing. 
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Discussion 

£.  D.  Marshall  (Consultant  in  For¬ 
est  Products,  Lufkin,  Texas) :  Are 
your  cooling  towers  made  from  red¬ 
wood  } 

Mr.  Volkening:  Yes. 

Air.  Marshall:  Have  you  experi¬ 
enced  any  trouble  with  deterioration 
of  redwood  in  your  cooling  towers.^ 
The  Humble  Oil  Company  in  Texas 
has  experienced  deterioration  of  red¬ 
wood  in  cooling  towers.  Several  years 
ago  they  tested  creosoted  wood  for 
this  purpose.  I  do  not  know  the 
results  of  their  test. 

Mr.  Volkening:  We  have  had  no 
difficulty  with  deterioration  of  our 
redwood  cooling  towers.  We  have  im¬ 
pregnated  redwood  with  pentachloro¬ 
phenol  on  an  experimental  basis. 

Ralph  Bescher  (Koppers  Com¬ 
pany)  :  How  long  have  your  redwood 
cooling  towers  been  in  service? 

Mr.  Volkening:  About  seven  years. 

R.  C.  Miisslewhite :  Do  you  have 
any  problem  in  obtaining  insurance  on 
your  wood  structures  at  your  chemical 
plant? 

Mr.  Volkening:  I  do  not  have  the 
answer  to  that  question. 

R.  C.  Miisslewhite  (Southern  Pine 
Lumber  Company,  Diboll,  Texas) ; 
Our  company  has  just  completed  an 
expansion  and  modernization  project 
and  all  construction  was  of  steel  and 
concrete  due  to  an  insurance  advan¬ 
tage  of  roughly  5  to  1  in  favor  of 
steel  construction. 
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Delignification  of  Spruce  Sawdust 
with  Chlorine  Dioxide' 
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Spruce  sawdust  has  been  delignified  on  a  laboratory  scale,  with 
chlorine  dioxide  as  the  delignifying  agent.  Results  of  many  variations 
in  technique  are  shown.  A  multi-stage  laboratory  procedure  was  de¬ 
veloped  which  included  acid  and  alkali  pre-treatments,  followed  by 
two  chlorine  dioxide  stages,  with  an  intermediate  alkali  treatment. 
Using  20-27  percent  chlorine  dioxide,  it  was  possible  to  obtain  white 
pulps  in  40-49  percent  yield  with  alpha-cellulose  values  up  to  87.5 
percent.  Results  are  also  reported  for  a  few  preliminary  experiments 
on  alkaline  purification  of  pulps  secured  and  on  evaluation  of  these 
pulps  for  acetylation  purposes. 


Introduction 

The  development  of  profitable 
outlets  for  sawdust  is  a  major 
problem  in  wood  waste  utilization. 
Relatively  small  quantities  enter  into 
the  production  of  fuel  logs  and  into 
certain  types  of  wallboards  and  build¬ 
ing  blocks,  and  some  sawdust  is 
ground  to  wood  flour.  At  present,  the 
only  large  use  is  as  home  and  indus¬ 
trial  fuel,  and  this  is  considered  to  be 
a  low-value  use.  Sawdust  has  also  been 
pulped  with  standard  size  chips  (1) 
but  the  product  was  suitable  only  for 
use  in  certain  low-grade  papers. 

The  hesitancy  to  use  sawdust  as  a 
source  of  cellulose  is  attributable  to 
difficulties  of  processing  in  standard 
pulping  equipment,  dirt  content,  and 
shortness  of  fibres  for  use  in  paper 
roducts.  Delignification  of  sawdust 
y  standard  commercial  methods  of 
pulping  may  prove  difficult  because 
of  clogging  of  the  digesters  and  over-w 
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cooking  of  the  fine  particles.  How¬ 
ever,  with  chlorine  dioxide  as  a  de- 
lignifier,  it  is  believed  that  some  of 
the  engineering  difficulties  normally 
encountered  in  the  handling  of  saw¬ 
dust  could  be  overcome  through  the 
use  of  non-pressure  pulping  equip¬ 
ment.  Excessive  degradation  of  cellu¬ 
lose  in  the  fine  particles  could  pos¬ 
sibly  be  avoided.  There  is  an  increas¬ 
ing  tendency  towards  barking  saw- 
logs,  and  sawdust  from  barked  logs  is 
of  a  much  higher  state  of  purity.  The 
development  of  a  process  to  convert 
sawdust  into  cellulose  for  the  ulti¬ 
mate  use  of  the  cellulose  where  length 
of  fibre  is  not  important  is  considered 
to  be  an  advance  in  the  right  direc¬ 
tion.  Possible  outlets  for  such  cellu- 
losic  material  may  be  found  in  the 


rayon,  lacquer,  plastics,  and  explosi  es 
fields. 

Chlorine  dioxide  has  been  kni'.vn 
as  a  delignifying  agent  for  some  ti  le. 
In  1921  Schmidt  (2)  used  this  re¬ 
agent  in  dilute  acetic  acid  to  obi  in 
what  he  termed  the  "Skelettsubsta  z” 
of  wood.  This  work  was  further 
studied  in  the  next  few  years  1 3) 
(4).  Then  in  1931,  Schmidt  and  o- 
workers  (5)  published  a  revi.sed 
method  of  obtaining  the  "Skei  tt- 
substanz”  by  treating  wood  at  room 
temperature  for  17-26  days  witli  an 
aqueous  solution  of  chlorine  diox.de 
buffered  with  pyridine. 

In  1942  Jayme  (6)  describe*)  a 
method  of  isolating  holocellulose  using 
sodium  chlorite  in  dilute  acetic  acid 
at  60°  C.  for  a  total  of  40  hours. 
Wise  (7)  revised  this  method  slightly, 
using  60°  C.  for  a  short  period  fol¬ 
lowed  by  24  hours  at  30°  C.  The  fol¬ 
lowing  year.  Wise  and  co-workers  { 8) 
published  their  method  of  holocellu¬ 
lose  determination  which  required 
only  a  total  of  4  hours  at  70-80°  C. 
They  used  120%  sodium  chlorite 
(based  on  the  weight  of  wood)  in 
dilute  acetic  acid  solution.  Lovell  (9) 
prepared  holocellulose  from  soft¬ 
woods  using  sodium  chlorite  solutions 


Tabla  I  -  Effect  of  Particle  Size  In  Single  Stage  Chlorine 
Dioxide  Dellgnlfloatlona  of  Spruce  Sawdust* 


Run 

Particle  Size 

Yield 

Alpha-Cellulose 

Lignin 

Colour 

No. 

mesh 

per  cent 

per  cent 

per  cent 

1 

4-6 

67.0 

61.2 

1.8 

faintly  yei: 

2 

6-10 

67.1 

60.4 

1.9 

f»  r* 

3 

10-20 

65.0 

62.5 

1.7 

m  »» 

4 

20  -  40 

65.5 

62.3 

1.9 

m  * 

5 

over  40 

65.3 

61.8 

1.6 

m  r 

*  10  gm.  of  spruce  sawdust  was  treated  at  80®C.  for  3  hours  with  67,5lt 
chlorine  dloilde  In  750  cc«  of  solution  containing  14  0b«  of  sodiua 
acetate  buffer* 
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Tabic  II  >  Results  of  Tbrcc-stagc  Trsataants  for  Osligtilfleatlon  of 
Sprues  Sawdust  In  Buffered  Chlorine  Dioxide  Solutions. 


— 

Dollt^nifioatlon  Stages'*^  1 

1 

Run 

yiMt 

i 

AlkaU  (o) 

Senani 

cio^  (’‘1 

Yield 

Alpha-oalluloae 

Lignin 

Peraangannte 

Number 

Colour 

No* 

par  oant 

par  oant 

par  cent 

par  cent 

1  par  cent 

6 

13*5 

0.9$  at  100°C.,  2  hr. 

13*5 

67*5 

71.5 

yellowiah 

7 

13*5 

1.0$  at  100°C.,  2  hr. 

13*5 

63.6 

73.7 

xellowlsh 

8 

13*5 

0.9$  at  129*’c.,  1  hr. 

20.3 

66.3 

69.3 

mm 

slightly  yellow 

9 

21*6 

1.0$  at  100°C.,  2  hr. 

21.6 

70.3 

■1 

■■ 

vdiite 

(a)  100  ee*  of  liquor  was  used  for  10  8ii«  of  sawdust  In  all  stages  of  the  dellgnlfleation* 

(b)  The  quantity  used  is  eiqpreased  as  a  percentage  of  the  weight  of  sawdust* 

(e)  The  percentage  is  expressed  as  concentration  of  alkali  in  solution* 


Tabls  III  -  effect  of  Various  Pretreatments  on  Multi-stags  Delignlflcatlons  of 
Spruce  Sawdust  In  Buffered  Chlorine  Dioxide  Solutions  . 


I 

Dallffnlfiestlon  Staitasl*)  1 

Pa  roan- 

Prdtrejtsaat'*'  1 

yirat 

eiOglb) 

Intamadiata  Alkali (t) 

SSCOSd 

OlOg 

Alpha- 

ganata 

Run 

Alkali ieJ 

Ylald 

call. 

number 

D.i>. 

Colour 

No. 

par  cant 

par  cant 

par  cent 

par  cant 

10 

2.0$  at  100°C. ,  2  hr. 

13.5 

2.0$  at  100°C.,2.9  hr. 

13.5 

67.0 

79.6 

2920 

white 

U 

1.0$  at  100°C.,2  hr. 

2.0$  at  100°C..  2  hr. 

- 

• 

■ 

35.1 

87.6 

1181 

white 

12 

0.1$  at  100°C.,1  hr. 

1.0$  at  100°C.,  1  hr. 

- 

1.0$  at  100°C.,  1  hr. 

10.1 

69.6 

76.8 

1.80 

white 

13 

0.9$  at  100°C.,1  hr. 

- 

- 

<* 

- 

65.0 

83.5 

1.61 

i960 

idilte 

16 

1.0$  at  100°C.,1  hr. 

- 

ft 

«» 

" 

62.8 

83.1 

1.67 

1550 

white 

15 

1.0$  at  100°C.,1  hr. 

0.29$  at  100°C.,1  hr. 

- 

fl 

67.6 

83.2 

1.68 

white 

16 

0.9$  at  100°C.,1  hr. 

- 

" 

-  1 

ft 

67.2 

80.2 

1.82 

2030 

white 

17 

1.0$  at  129°C..l  hr. 

1.0$  at  129°C. ,  1  hr. 

- 

- 

36.6 

87.0 

white 

18 

1.0$  at,129°C., 

0.9  1 

1.0$  at  129**C., 

0.9  hr. 

" 

" 

39.6 

86.9 

1.07 

1375 

«dilte 

(a)  100  cc.  of  liquor  was  used  for  10  ga.  of  sawdust. 

(b)  The  quantity  used  is  expressed  as  a  percentage  of  the  weight  of  sswdust. 

(c)  The  percentage  is  expressed  as  concentration  of  alkali  or  acid  in  solution* 


buffered  with  acetic  acid  to  a  pH  of  5. 
At  60-70°  C.,  about  20  hours  was 
required  for  complete  delignification. 
However,  with  complete  removal  of 
the  lignin  a  certain  quantity  of  poly¬ 
saccharide  was  also  removed.  Runkel 
(10)  subjected  wood  chips,  pretreated 
with  alkali,  to  sodium  chlorite  in 
acetic  acid  at  pH  4-5  and  60-70°  C. 
Repeated  chlorite  treatments  yielded  a 
pulp  which  was  claimed  to  be  free  of 
lignin  and  only  slightly  degraded. 
Since  then,  sodium  chlorite  has  been 
used  frequently  in  pulping  where  the 
retention  of  hemicelluloses  is  desired 
and  the  cellulose  degradation  is  to  be 
kept  to  a  minimum  (11)  (12)  (13). 
Most  of  the  workers  who  used  sodium 
chlorite  for  this  purpose  (7)  (10) 
(lit  claimed  that  the  delignification 
wa,  actually  carried  out  by  the  chlo- 
rin  dioxide  liberated  in  acid  solution. 

'  ry  little  has  been  published  on 
the  lise  of  chlorine  dioxide  itself  as  a 
pul.  ;ng  agent.  Holmberg  and  Jahn 
(I'"  '  (16)  pulped  sawdust  and  ground 

JOtRNAL  of  FPRS 


wood  with  chlorine  dioxide  in  aqueous 
pyridine  solutions.  They  used  60-70% 
of  chlorine  dioxide  (based  on  the 
weight  of  wood)  at  20°  C.  for  8  days 
and  obtained  pulps  from  white  pine 
sawdust  with  practically  no  cellulose 
degradation  and  1.07-1.86%  lignin. 
Under  similar  conditions  aspen  yielded 
a  pulp  with  0.17%  lignin. 

The  high  cost  and  large  amounts 
(100-150%)  of  sodium  chlorite  nec¬ 
essary  for  pulping  wood  has  made  its 
use  prohibitive,  except  in  the  labora¬ 
tory.  Although  chlorine  dioxide  is 
still  rather  expensive  it  can  apparently 
now  be  manufactured  almost  as  cheaply 
as  chlorine  (17).  It  is  now  used  in 
increasing  amounts  as  a  bleaching 
agent  to  remove  the  last  residues  of 
lignin  and  coloring  materials  from 
wood  pulp.  Sodium  chlorite  for  this 
purpose  is  only  used  where  the  gen¬ 
eration  of  chlorine  dioxide  on  a  com¬ 
mercial  scale  is  impractical. 


Discussion 

In  the  present  investigation,  chlo¬ 
rine  dioxide  was  generated  in  small 
quantities  and  used,  in  delignifying 
spruce  sawdust  produced  on  resaws  in 
a  typical  mill  operation  and  free  from 
bark.  The  sawdust  used  had  the  fol¬ 


lowing  screen  analysis: 

4-  6  mesh  _  3.5% 

6-10  mesh  _ 14.6% 

10-20  mesh  _ 38.3% 

20-40  mesh  _ 28.2% 

smaller  than  40  mesh  __  15.4% 


Most  of  the  work  reported  in  this 
paper  was  of  an  exploratory  nature. 
The  prime  aim  was  to  produce  a  pulp 
of  high  purity  and  in  reasonably  good 
yield.  The  cellulosic  products  were 
evaluated  by  yield,  alpha-cellulose  con¬ 
tent,  lignin  content,  degree  of  poly¬ 
merization  (D.  P.),  and  permanganate 
number  determinations.  These  analy¬ 
ses  only  provided  indications  of  the 
types  of  pulps  that  could  be  obtained 
by  various  treatments.  A  few  tests  on 


79 


Table  17  -  Effect  of  Variations  in  Concentration  of  Chlorine  Dioxide  on  Hulti-stage 
Delignifications  of  Spruce  Sewdust  in  Buffered  ffolutiona. 


Prstrestsaat 

.M 

1  Delignification  St;  1 

Perman- 

Run 

Sulpburle  aeid(°) 

Alkali (c) 

First, 

ClOgOi) 

Intermediate  Alkallt*^) 

Second 
ciOj  t**! 

Yield 

Alpha¬ 

cell. 

ganata 

number 

D.P. 

Colour 

No. 

per  cent 

per  cent 

par  cant 

per  cant 

19 

1.0^  at  100°C.,  1  hr. 

l.OJt  at  100°C.,1  hr. 

13.5 

l.OSt  at  100°C.,  1  hr. 

13.5 

42.7 

83.5 

1.20 

1640 

white 

20 

" 

- 

- 

" 

10.1 

42.8 

83.1 

1.47 

1810 

white 

21 

" 

- 

m 

- 

6.8 

43.8 

82.9 

1.93 

2395 

faintly  yello 

22 

ft 

It 

10.1 

ft 

10.1 

42.2 

82.0 

2.98 

2415 

brownish 

23 

ft 

ft 

" 

" 

6.8 

46.9 

81.5 

3.77 

brownish 

24 

l.OJt  at  125°C.,0.5  hr. 

l.Ojt  at  125°C.,0.5  hr. 

13.5 

" 

10.1 

39.6 

86.5 

1.07 

1375 

white 

25 

m 

" 

It 

6.8 

40.6 

86.4 

1.28 

1690 

white  with 
yellow  spec ; 

(a)  100  cc.  of  liiiuor  was  used  for  10  gm.  of  sawdust. 

(b)  The  quantity  used  is  expressed  as  a  percentage  of  the  weight  of  sawdust. 

(c)  The  percentage  is  expressed  as  concentration  of  alkali  or  acid  in  solution. 


the  suitability  of  some  of  the  pulps 
for  acetylation  purposes  have  been 
made.  These  are  also  reported  herein. 
More  extensive  experiments  on  large 
quantities  of  material  are  being  car¬ 
ried  out  to  permit  evaluation  of  the 
pulps  for  specific  purposes,  and  it  is 
intended  to  report  results  at  a  later 
date. 

Single  Stage  Chlorine  Dioxide 
Treatments 

The  first  series  of  experiments  was 
conducted  in  Erlenmeyer  flasks,  stop¬ 
pered  with  small  inverted  flasks,  and 
consisted  of  single  treatments  with 
large  quantities  of  chlorine  dioxide. 
Ten  grams  of  sawdust  was  heated  at 
80°  C.  for  3  hours  with  67.5%  chlo¬ 
rine  dioxide  (based  on  the  weight  of 
sawdust)  in  750  cc.  of  solution.  Dur¬ 
ing  this  time,  the  reagent  was  com¬ 
pletely  consumed  and  the  pH  in  an 
unbuffered  solution  dropped  from  3.7 
to  1.0.  The  final  product  was  yellow- 
brown  in  color.  However,  if  14  gm. 
of  sodium  acetate  buffer  was  added 
to  the  solution  at  the  start  of  the  treat¬ 
ments,  the  pH  dropped  from  6.1  to 
4.2.  The  pulps  from  the  buffered  solu¬ 
tions  were  only  faintly  yellow  in  color 
and  the  lignin  contents  were  slightly 
lower  than  from  the  unbuffered  treat¬ 
ments.  A  very  slight  excess  of  chlo¬ 
rine  dioxide  appeared  necessary  to 
ensure  production  of  a  relatively  soft, 
fairly  white  pulp.  At  a  higher  tem¬ 
perature  (92°  C.),  the  reaction  was 
more  rapid  and  the  sawdust  was  largely 
delignified  within  2  hours. 

(a)  Effect  of  Particle  Size:  A 
series  of  experiments  was  carried  out 
to  determine  the  effect  of  sawdust 
particle  sizes  on  the  properties  of  the 
pulps  obtained.  The  results.  Table  I, 
indicate  that  the  size  differences  studied 
have  no  serious  effect  on  the  proper¬ 


ties  of  the  final  products.  Using  sam¬ 
ples  varying  in  size  from  4  mesh  to 
finer  than  40  mesh,  the  lignin  content 
of  the  pulps  remained  in  the  range  of 
1.6-1. 9%,  the  alpha-cellulose  content 
60-63%,  and  the  yield  65-67%.  In  a 
further  experiment,  wood  particles 
ranging  from  4  mesh  to  standard 
chips  were  submitted  to  the  same 
treatment.  In  these,  the  penetration  of 
liquor  was  poor  and  the  interior  of 
the  particles  was  unpulped  indicating 
that  chlorine  dioxide  is  not  satisfactory 
for  pulping  large  particles  by  this 
method.  Although  results  shown  in 
Table  I  indicate  that  a  composite  saw¬ 
dust  fraction  would  probably  be  suit¬ 
able  for  delignification  by  chlorine  di¬ 
oxide,  the  10-20  mesh  sawdust  frac¬ 
tion  was  used  in  all  subsequent  work. 

(b)  Effect  of  Pretreatments  and 
Post-treatments  with  Alkali:  If  any 
of  the  pulps  from  a  single  stage  chlo¬ 
rine  dioxide  treatment  were  treated  at 
100°  C.  for  4  hours  with  a  10:1  ratio 
of  1%  sodium  hydroxide  solution,  the 
yellow  or  brownish  color  of  the  pulps 
was  readily  removed  and  the  alpha- 
cellulose  value  was  raised  from  58- 
63%  to  83-86%.  Yield  of  these  puri¬ 
fied  pulps  based  on  the  sawdust  was 
around  40%.  If  the  sawdust  is  treated 
with  1%  sodium  hydroxide  solution 
before  the  chlorine  dioxide  digestion, 
a  very  white  pulp  with  0.4%  lignin  is 
obtained  using  only  54%  chlorine 
dioxide.  Both  the  pretreated  and  post- 
treated  pulps  contained  practically  no 
alcohol-benzene  extractives,  whereas 
the  yellowish  pulps  without  these 
treatments  contained  7-10%  solubles. 
These  were  probably  lignin  degrada¬ 
tion  products  which  were  insoluble  in 
water  but  soluble  in  alkali,  alcohol- 
benzene,  and  the  72%  sulphuric  acid 
used  to  determine  Klason  lignin. 


Multi-stage  Delignification 
Procedures 

From  the  work  just  described,  it  is 
apparent  that  a  considerable  amount  of 
reagent  was  necessary  to  delignify  sa"- 
dust  when  a  single  chlorine  dioxuie 
treatment  was  used.  Even  after  a  pre¬ 
treatment  with  alkali,  about  50%  v\.is 
required:  an  amount  which  would  ap¬ 
pear  to  make  a  commercial  process 
unattractive.  However,  it  is  known 
(18)  that  chlorine  dioxide  will  de¬ 
grade  lignin  first  to  alkali  soluble  ma¬ 
terials  and  then  to  water  solubles. 
Thus,  if  a  single  stage  treatment  is 
used,  a  considerable  amount  of  chlo¬ 
rine  dioxide  is  consumed  in  convert¬ 
ing  the  alkali  soluble  product  to  water 
solubles.  By  using  a  mild  chlorine  di¬ 
oxide  treatment  followed  by  an  alkali 
wash,  much  of  the  lignin  is  solubil¬ 
ized.  Very  little  additional  chlorine 
dioxide  is  then  required  to  remove 
the  remaining  lignin. 

In  the  multi-stage  studies,  different 
equipment  was  used  for  treatment 
with  chlorine  dioxide  than  in  the 
single-stage  experiments.  Instead  of 
treating  in  Erlenmeyer  flasks,  200  iC. 
bottles  which  could  be  tightly  sealed 
were  used  so  as  to  avoid  loss  of  chlo¬ 
rine  dioxide  into  the  air;  althoe  :h 
Erlenmeyer  flasks  gave  similar  results 
with  comparable  runs.  In  these  expc  ri- 
ments,  the  sawdust  was  treated  for 
minutes  with  chlorine  dioxide  at 
80°  C.,  followed  by  treatments  w  ;h 
dilute  sodium  hydroxide  solution  a-'d 
then  chlorine  dioxide  again  for  1 
hour.  The  following  work  is  desigi  d 
to  indicate  the  effect  of  variations  ^n 
the  delignification  treatments  and  a'^o 
of  pretreatments.  In  all  cases,  10  '  n. 
of  sawdust  and  100  cc.  of  solution 
were  used. 

(a)  Results  of  3-stage  Treatmerrs: 
In  Table  II  are  shown  results  of  s  v- 
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Table  7  -  Effect  of  Change  In  Concentration  of  Intamediata  Allcall  Treataent  on 
Multl-ataga  Dbllgnlflcatlona  of  Spruce  Sawduat  In  Buffered  3olutlona» 


‘  ' 

1  1 

1  Daltenlfiestlon  StasssC*) 

i  n 

Faman- 

Sun 

aulpburte  Acld(^) 

Alkali 

firit, 

ClOj'**' 

Intaraadiata  Alkall^^) 

Ylald 

Alpha- 

call. 

ganatc 

numbar 

m 

:  Colour 

par  eant 

par  cent 

l.OJt  at  100°C.,  1  hr. 

l,0f  at  100°C.,  1  hr. 

13.5.  . 

O.Si  at  100°C.,  1  hr. 

45.1 

B 

1.32 

1980 

whita 

" 

- 

m 

l.OK  at  100°C.,  1  hr. 

H 

42.8 

1.47 

1810 

whlta 

2S 

" 

- 

Z.Oi  at  100°C.,  1  hr. 

HI 

40.0 

0.99 

1745 

Kbita 

(a)  100  ec«  of  liquor  waa  uaad  for  10  ga.  of  eawduat. 

(b)  Tha  quantity  uaad  la  czireaaad  aa  a  parcantaga  of  tha  weight  of  aawduat. 

(o)  Tha  paroantaga  la  azpraaaad  aa  concantretlon  of  alkali  or  acid  In  aolutlon* 


cral  multi-stage  delignification  experi¬ 
ments  without  pretreatments  and  in¬ 
volving  the  use  of  27-43.2%  chlorine 
dioxide.  In  all  these  experiments,  3 
gm.  of  sodium  acetate  was  used  as 
buffer.  Except  for  run  9  in  which  a 
large  amount  of  chlorine  dioxide  was 
used,  the  pulps  were  all  slightly  col¬ 
ored  and  contained  less  than  74% 
alpha-cellulose.  The  lignin  content  de¬ 
creased  with  the  use  of  more  drastic 
intermediate  alkali  treatment  (runs  6 
and  7),  or  as  more  chlorine  dioxide 
was  used  (runs  8  and  9).  The  per¬ 
manganate  numbers  in  these  runs  also 
decreased  correspondingly  with  the 
decrease  in  lignin  content.  Since  the 
permanganate  number  determinations 
were  much  more  rapid  and  reproduc¬ 
ible  when  the  lignin  content  was  low 
they  were  used  instead  of  Klason 
lignin  determinations  in  most  subse¬ 
quent  work.  Furthermore,  Klason  lig¬ 
nin  determinations  on  cellulose  ob¬ 
tained  from  chlorite  treatments  have 
been  shown  to  be  unreliable  (19)  be¬ 
cause  of  the  presence  of  acid  soluble 
lignin  products. 

The  pulps  from  these  multi-stage 
treatments  have  higher  alpha-cellulose 
contents  (69.3-73.7%)  than  the 
pulps  from  the  single  stage  experi¬ 
ments  (60.4-62.5%).  However,  the 
chief  advantage  lay  in  the  reduction 
of  the  amount  of  chlorine  dioxide  re¬ 
quired;  from  67.5%  to  as  low  as  27%. 

(b)  Effect  of  Pretreatments  on 
Multi-stage  Delignifications: 
Although  the  consumption  of  chlorine 
dioxide  could  be  greatly  reduced  by 
the  three-stage  process  used,  the  alpha- 
cellulose  content  and  purity  of  the 
cellulose  product  was  still  not  very 
high.  In  attempting  to  further  reduce 
tl'.j  amount  of  chlorine  dioxide  neces¬ 
sary,  and  also  to  raise  the  purity  of  the 
pi  Ips,  a  series  of  experiments  was 
cr  ried  out  involving  pretreatment  of 
the  sawdust  with  dilute  sodium  hy¬ 
droxide  solution  and  dilute  sulphuric 
a  d.  The  results  are  given  in  Table 
Hh  The  use  of  the  acid  in  conjunc¬ 


tion  with  the  alkali  pretreatment  ap¬ 
pears  desirable,  as  indicated  by  results 
from  runs  10  and  11.  The  acid  hydrol¬ 
ysis  prior  to  the  alkaline  treatment 
caused  a  considerable  rise  in  the  alpha- 
cellulose  content  of  the  pulp.  How¬ 
ever,  the  D.  P.  was  lowered  at  the  same 
time,  thus  indicating  a  certain  amount 
of  degradation  by  the  acid  treatment. 
In  runs  12  to  18,  attempts  were  made 
to  reduce  the  amount  of  degradation 
and  retain  the  relatively  high  alpha- 
cellulose  content  of  the  pulps.  To 
these  ends,  lower  amounts  of  chlorine 
dioxide  and  less  severe  intermediate 
alkali  treatments  were  used  along  with 
variations  in  the  pretreatments.  As  the 
concentration  of  the  acid  solution  in 
the  pretreatment  was  increased  from 
0.1  to  1.0%  (runs  12  to  14),  the 
yield  decreased  but  the  alpha-cellulose 
values  and  permanganate  numbers  of 
runs  13  and  14  remained  relatively 
constant.  The  highest  alpha-cellulose 
contents  and  lowest  permanganate 
numbers  in  this  series  of  experiments 
were  obtained  by  using  pretreatments 
at  125°  C.  (runs  17  and  18).  The 
higher  yield  of  run  18  indicated  less 
degradation  during  the  shorter  pre¬ 
treatment  time. 

These  experiments  made  it  evident 
that  acid  and  alkali  pretreatments  were 
desirable  for  the  production  of  pulps 
with  relatively  high  alpha-cellulose 
contents.  In  general,  as  the  concentra¬ 
tion  or  temperature  of  the  pretreat¬ 
ments  was  increased,  the  yield  of  pulp 
was  lowered  but  the  alpha-cellulose 
content  was  raised.  The  D.  P.  values 
were  also  lowered  by  the  more  drastic 
pretreatments,  indicating  a  certain 
amount  of  degradation.  However,  even 
at  125°  C.  or  when  using  2%  alkali, 
the  D.  P.  did  not  drop  below  1100. 
This  value  is  not  too  low  for  many 
commercial  purposes. 

(c)  Effect  of  Variation  in  Chlo¬ 
rine  Dioxide  Concentration  on 
Multi-stage  Delignifications:  Reduc¬ 
ing  the  total  quantity  of  chlorine  di¬ 
oxide  used  from  27.0%  to  20.3% 


(runs  19,  20,  and  21,  Table  IV),  left 
the  yield  and  alpha-cellulose  contents 
of  the  pulps  relatively  constant.  How¬ 
ever,  the  increase  in  D.  P.  as  less  chlo¬ 
rine  dioxide  was  used  indicated  that 
excess  reagent  causes  some  breakdown 
in  the  chain  length  of  the  cellulose. 
At  the  same  time,  the  permanganate 
numbers,  although  low  in  every  case, 
increased  as  the  chlorine  dioxide  con¬ 
centration  used  was  decreased.  When 
the  20.2%  chlorine  dioxide  was  di¬ 
vided  evenly  in  the  two  stages  (run 
22),  the  increased  permanganate  num¬ 
ber  and  brown  color  of  the  pulp  indi¬ 
cated  incomplete  delignification.  Simi¬ 
larly,  the  use  of  16.9%  chlorine  diox¬ 
ide  (run  23)  resulted  in  a  higher 
permanganate  number  and  the  pulp 
definitely  was  not  completely  delig- 
nified. 

The  effect  of  variation  in  total  chlo¬ 
rine  dioxide  concentration,  when  using 
more  severe  pretreatments,  is  indicated 
by  runs  24  and  25  in  Table  IV,  Trends 
are  similar  to  those  of  runs  20  and  21, 
although  the  values  are  different. 

(d)  Effect  of  Change  in  Concen¬ 
tration  of  Intermediate  Alkali  Treat¬ 
ment:  In  the  experiments  shown  in 
Table  V,  the  concentration  of  alkali 
solution  in  the  intermediate  treatment 
was  varied  from  0.5  to  2.0%.  As  the 
concentration  increased,  the  yield 
dropped  from  45.1  to  40.0%  but  the 
alpha-cellulose  content  rose  from 
81.2%  to  85.5%.  The  D.  P.  values 
decreased  very  slightly  as  stronger 
alkali  treatments  were  used. 

(e)  Effect  of  Buffer  in  Multi-stage 
Chlorine  Dioxide  Delignifications: 
A  series  of  experiments  was  carried 
out  to  determine  the  effect  of  the  use 
of  a  buffer  in  the  multi-stage  chlorine 
dioxide  treatments.  Results  are  shown 
in  Table  VI.  With  3  gm.  of  sodium 
acetate  as  buffer,  the  pH  of  the  first 
stage  chlorine  dioxide  treatment 
dropped  to  4.2  and  that  of  the  second 
stage  to  3.6.  The  use  of  calcium  ace¬ 
tate  produced  similar  results.  When 
no  buffer  was  used  in  the  chlorine  di- 
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Table  VI  -  Conpariaon  of  Multi-stage  Delignlfleatlons  of  Spruoc 
_ Sawdust  using  Buffered  and  Pnbuf fared  Solutlona. 


n 

Protreataont^*®  I 

OallgDlfioation  Stages* 

:a) 

Tield 

Alpha-ce 

lluloac 

Penaangi 

mate 

er 

D.: 

P. 

Run  1 

(e$ 

Sulphuric  Acid'  ' 

Alkali*®* 

First 

C102(b) 

Interaeaiate 

Alkall(e) 

Second 

ClOjt*') 

Unbuff. 

Buff. 

Qnbuff. 

Buff. 

Unbuff. 

Buff. 

Unbuff. 

Buff. 

Ho.  1 

per  cent 

par  cent 

per 

cent 

por 

cant 

per 

cent 

per 

cant 

29 

1.0)(  at  100°C.. 

1  hr. 

1.0^  at  100°C.. 
1  hr. 

13.5 

1.0^  at  100®C., 

1  hr. 

13.5 

U.l 

42.6 

61.2 

83.1 

1.68 

1.47 

1550 

1550 

30 

. 

- 

10.1 

- 

10.1 

U.3 

42.2 

78.9 

82.0 

2.42 

2.98 

1098 

2415 

31 

- 

m 

13.5 

0.5^  at  100®C., 

1  hr. 

- 

45.2 

45.1 

78.7 

61.2 

1.57 

1.32 

1210 

1980 

32 

UOH  at  12S°C., 

O.S  br. 

l.oi  at  125®0., 
0.5  hr. 

1.0!(  at  100®C., 
1  hr. 

** 

39.6 

39.6 

85.4 

66.5 

l.U 

1.07 

UOO 

1375 

(a)  100  CO.  of  liquor  was  ussd  for  10  gm.  of  sawdust. 

(b)  Tbe  quantity  used  Is  exprssssd  as  a  parcantaga  of  tba  walght  of  sawdust. 

(c)  The  percentage  Is  exprssssd  as  concentration  of  alkali  or  acid  In  solution. 


oxide  solutions,  the  pH  dropped  to 
1.2  during  the  first  stage  and  to  1.0  in 
the  second.  The  yields  of  pulps  from 
these  unbuffered  treatments  were,  un¬ 
expectedly,  either  the  same  or  slightly 
higher  than  yields  from  buffered  solu- 
t  i  o  n  s .  However,  the  alpha-cellulose 
contents  were  lower  in  every  case  and 
the  lower  D.  P.  values  of  the  pulps 
indicated  that  some  hydrolysis  had 
occurred  in  the  acidic  chlorine  dioxide 
liquors.  In  most  cases,  although  the 
differences  were  small,  the  permanga¬ 
nate  numbers  of  the  pulps  from  the 
unbuffered  solutions  were  slightly 
higher,  indicating  more  impurities. 
Thus  the  pulps  from  buffered  solutions 
were  slightly  superior  to  those  from 
unbuffered  solutions  in  alpha-cellulose 
content,  permanganate  number,  and 
D.  P.,  but  were  obtained  in  slightly 
lower  yields. 

Purification  of  Pulps  Obtained  from 
the  Multi-stage  Chlorine 
Dioxide  Process 

In  an  attempt  to  raise  the  alpha- 
cellulose  content  of  chlorine  dioxide 
pulps  beyond  90  ^r,  several  pulp  sam¬ 
ples  were  treated  with  alkali  solutions. 
Since  only  small  samples  of  any  one 
pulp  were  available  for  the  alkali 
treatments,  no  systematic  study  of 
varying  conditions  on  a  single  pulp 
could  be  made.  In  lieu  of  this,  various 
alkali  treatments  were  carried  out  on 
different  pulps  so  as  to  obtain  some 
indication  of  methods  which  might 
produce  pulps  with  high  alpha- 
cellulose  content.  The  results  appear 
in  Table  VII.  In  samples  1  to  9,  hot 
dilute  treatments  consisting  of  0.5  to 
1.0%  solutions  of  sodium  hydroxide 
at  80-140°  C.  were  used.  None  of 
these  produced  pulps  with  alpha- 
cellulose  contents  above  88.7%.  On 
the  other  hand,  in  samples  10  to  12 
using  a  cold  concentrated  alkaline  solu¬ 


tion  the  alpha-cellulose  values  of  pulps 
with  both  low  and  high  alpha-cellulose 
contents  could  be  raised  to  93-95%. 
Richter  (20)  also  found  that  certain 
pulps  were  more  easily  purified  by  a 
cold  concentrated  treatment  than  by  a 
hot  dilute  method.  The  loss  of  alpha- 
cellulose  in  these  experiments  can  be 
seen  by  comparing  the  yield  of  alpha- 
cellulose  (based  on  the  wood)  before 
and  after  purification.  In  the  cold  con¬ 
centrated  method,  and  hot  dilute 
method  at  temperatures  up  to  100°  C., 
the  loss  was  small.  In  the  latter 
method,  the  loss  increased  when  tem¬ 
peratures  above  100°  C.  were  used. 


Acetylations  of  Chlorine 
Dioxide  Pulps 

In  order  to  obtain  an  indication  a.; 
to  the  suitability  of  chlorine  dioxide 
pulps  for  acetylation  purposes,  several 
pulps  were  evaluated  by  a  modifica¬ 
tion  of  the  method  described  by 
Heuser,  Shockley  and  Van  Den  Akkcr 
(21).  Rather  than  evaluate  the  tur¬ 
bidity  after  centrifuging  at  2,000 
r.p.m.,  the  solution  was  cleared  com¬ 
pletely  at  13,000  r.p.m.  and  the  resi¬ 
due  weighed.  A  pulp  from  the  multi¬ 
stage  process,  involving  in  its  prepa¬ 
ration  no  pretreatments,  the  use  of  a 
total  of  27%  chlorine  dioxide,  and 


Tabid  7II  -  Alkaline  Piurlfleatlon  of  1  gm.  Samplaa  of  Chlorlna  Dioxide  Pulps. 


Alpka-caliulose  content 

Yield  of  Alpha-cellulose 
based  on  wood 

Sample 

I\irlfication  Treatment 

Originsl 

Pulp 

Purified 

Pulp 

Original 

Pulp 

Purified 

Pulp 

Ko. 

per  cent 

per  cent 

per  cent 

per  cent 

1 

50  cc.  of  1%  NaOH 
at  140  C. ,  1  hr. 

73.4 

82.8 

44.0 

38.0 

2 

fl 

71.5 

82.1 

47.9 

39.8 

3 

50  cc.  of  1%  NaOH 
at  125  C.,  1.5  hr. 

73.7 

82.8 

47.0 

40.1 

4 

25  cc.  of  1%  NaOH 
at  125  C.,  1  hr. 

84.5 

87.5 

32.6 

27.3 

5 

25  cc.  of  1%  NaOH 
at  100  C.,  1  hr. 

87.6 

88.7 

30.8 

30.0 

6 

- 

79.4 

83.5 

37.3 

35.8 

7 

20  cc,  of  0.55t  NaOH 
at  80  C.,  4  hr. 

83.5 

88.7 

36.3 

34.3 

8 

- 

73.7 

81.0 

37.8 

36.8 

9 

n 

70.3 

78.0 

41.0 

39.2 

10 

10  cc.  of  105t  NaOH 
at  20  C.,  1  hr. 

71.5 

93.0 

47.9 

45.2 

11 

- 

82.0 

95.0 

38.0 

37.0 

12 

■ 

86.5 

94.5 

34.2 

33.0 

82 
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1  aving  alpha-cellulose,  left  a 

i,.sidue  of  yi.G^/c  after  acetylation. 

’  he  pulp  from  run  10,  Table  III, 
hich  had  an  alkali  pretreatment  and 
illy  a  slightly  higher  alpha-cellulose 
intent,  left  a  residue  of  36%  after 
.etylation.  Both  of  these  pulps  would 
considered  poor  for  acetylation  pur- 
,  OSes.  However,  the  pulp  from  run 
1,  Table  III,  which  had  Ixith  an  acid 
nd  alkali  pretreatment  and  an  alpha- 
dlulose  content  of  87.6%,  was  much 
oore  suitable  for  acetylation,  leaving 
only  a  5.6%  residue  after  centrifug¬ 
ing.  A  commercial  viscose  pulp  when 
tested  similarly  left  a  7.5%  residue. 
On  the  other  hand,  cotton  linters,  a 
sulphate  pulp  prepared  from  sawdust, 
and  a  very  highly  purified  sulphite 
nulp  left  no  residue.  It  is  probable 
that  any  chlorine  dioxide  pulp  with  a 
high  alpha-cellulose  content  would 
prove  suitable  for  acetylation.  How¬ 
ever,  results  just  cited  are  very  pre¬ 
liminary  and  further  experimental 
work  is  being  carried  out. 

Experimental  Methods 
Preparation  of  Chlorine  Dioxide: 
Sixty-seven  grams  of  potassium  chlo¬ 
rate  was  mixed  with  53  gm.  of  oxalic 
acid  in  a  blackened  500  cc.  round  bot¬ 
tomed  flask.  To  this  was  added  215  cc. 
of  cooled  sulphuric  acid  solution  con¬ 
taining  74  cc.  of  concentrated  acid. 
The  reaction  usually  started  in  the 
cold  but  required  some  heat  (50- 
60°  C.)  after  about  an  hour  to  sus¬ 
tain  the  evolution  of  the  gas.  The  gas 
was  bubbled  through  a  solution  of 
concentrated  sodium  chlorite  to  re¬ 
move  any  chlorine  and  then  passed 
through  an  air  trap  to  catch  any  solu¬ 
tion  which  might  be  L.own  over  by 
the  gas.  It  was  collected  in  1000  cc. 
of  cool  distilled  water  and  stored  in  a 
refrigerator  until  required.  To  deter¬ 
mine  the  amount  of  chlorine  dioxide 
present,  2  cc.  of  solution  was  removed 
and  add  to  about  25  cc.  of  water. 
About  1  gm.  of  potassium  iodide  and 
15  cc.  of  10%  sulphuric  acid  were 
added  and  the  liberated  iodine  was 
titrated  with  0.1  N  sodium  thiosul¬ 
phate  solution.  Since  the  equivalent 
weight  of  chlorine  dioxide  is  one-fifth 
of  its  molecular  weight  in  this  reac¬ 
tion,  the  weight  of  chlorine  dioxide 
could  then  be  calculated  as  being: 


100°  C.  were  used.  The  products  of 
the  various  stages  of  delignification 
were  removed  on  sintered  glass  fun¬ 
nels  and  washed  well  with  about  500 
cc.  of  water.  The  final  product  was 
dried  in  vacuo  at  45°  C.  for  36  hours. 

Acetylation  and  Evaluation  of 
Chlorine  Dioxide  Pulps:  The  method 
suggested  by  Heuser,  Shockley  and 
Van  Den  Akker  (21)  was  greatly 
modified  for  this  work.  To  half  a 
gram  of  pulp  in  a  50  cc.  round  bot¬ 
tomed  flask  was  added  12.5  cc.  of 
glacial  acetic  acid.  The  flask  was  stop¬ 
pered  and  heated  for  5  hours  on  a 
steam  bath.  The  solid  was  then  re¬ 
moved  on  a  sintered  glass  crucible, 
well  washed  with  acetic  acid,  replaced 
in  the  flask,  and  2.5  cc.  of  actic  acid 
added.  After  standing  overnight,  10 
cc.  of  a  solution  of  acetic  acid  con¬ 
taining  0.125  cc.  of  sulphuric  acid  was 
added  and  the  mixture  well  shaken  for 
5-10  minutes.  Acetic  anhydride  (3.5 
cc.)  was  then  added,  with  cooling  to 
keep  the  temperature  at  approximately 
20°  C.  The  flask  was  shaken  for  1 
hour  at  room  temperature  and  finally 
placed  in  a  chamber  at  35°  C.  for  5 
hours.  At  the  end  of  this  time,  the 
contents  of  the  flask  were  quanti¬ 
tatively  washed  into  the  stainless  steel 
tube  of  a  high  speed  cenrtifuge  and 
centrifuged  at  13,000  r.p.m.  for  5 
minutes.  The  supernatant  liquor  was 
removed  and  the  solid,  if  present,  was 
washed  in  the  tube  with  more  acetic 
acid.  Any  solid  remaining  was  trans¬ 
ferred  to  a  tared  sintered  glass  cru¬ 
cible,  washed  with  acetic  acid  (50 
cc.),  and  dried  in  vacuo  at  45°  C.  for 
36  hours.  The  percentage  of  residue 
was  calculated  on  the  weight  of  pulp 
used  in  this  treatment. 

Methods  of  Analyses:  The  alpha- 
cel  lu  lose  determinations  were  con¬ 
ducted  as  described  in  the  TAPPI 
Standards,  except  that  one  gram  of 
sample  with  one-third  of  the  other 
specified  quantities  was  used. 

The  Klason  lignin  determinations 
were  also  conducted  as  described  in 
the  TAPPI  Standards  but  with  half 
quantities.  The  preliminary  solvent  ex¬ 
traction  was  eliminated  and  sintered 
glass  crucibles  were  used  instead  of 
the  alundum  or  Gooch  crucibles  sug¬ 
gested. 


Vol.  of  thiosulphate  X  Normality 
1000 


X 


67.5 

“T" 


Chlorine  Dioxide  Treatments: 

I  1C  chlorine  dioxide  treatments  were 
i  nducted  in  containers  placed  in  a 
ti  rmostatically  controlled  water  bath. 
1  e  acid  and  alkali  treatments  were 
c  iducted  in  Erlenmeyer  flasks  on  a 
s.  im  bath,  or  in  pressure  bottles  in 
a  oil  bath  when  temperatures  above 
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Most  of  the  viscosity  measurements 
from  which  the  D.  P.  values  were  cal¬ 
culated  were  made  by  the  cupriethyl- 
enediamine  method.  Since  the  pulps 
were  not  readily  soluble  in  this  solu¬ 
tion,  a  revised  method  described  in 
the  TAPPI  Standards  (22)  was  found 
to  be  satisfactory.  The  pulp  (0.090 


gm.)  was  wetted  in  a  50  cc.  Erlen¬ 
meyer  flask  with  15  cc.  of  cupriethyl- 
enediamine  solution  diluted  to  be 
0.167  molar  in  copper.  After  standing 
5-10  minutes,  10  cc.  of  the  1  molar 
solution  was  added,  thus  making  the 
resulting  solution  0.5  molar  in  copper. 
The  flask  was  flushed  with  nitrogen 
and  then  shaken  for  30  minutes  or 
more.  The  pulps  readily  dissolved  and 
the  viscosities  were  determined  at 
25°  C.  in  a  Cannon-Fenski  modifica¬ 
tion  (23)  of  the  Ostwald  viscosimeter. 
The  specific  viscosity  was  determined, 
and  from  this,  the  D.  P.  was  calcu¬ 
lated  as: 


D.  P.  =  -^ 
K„,C 


Where  C  is  the  concentration  in 
grams  per  litre  and  K,n  is  8  X  10-^. 


Summary  and  Conclusions 

In  laboratory  experiments,  chlorine 
dioxide  has  been  found  to  be  a  suit¬ 
able  reagent  for  the  delignification  of 
a  finely  divided  material  such  as  spruce 
sawdust.  In  a  one  stage  delignification 
treatment,  it  has  been  found  necessary 
to  use  a  very  large  amount  of  chlorine 
dioxide  based  on  the  weight  of  the 
wood,  i.e.,  about  67.5%.  A  multi¬ 
stage  laboratory  procedure  has  been 
developed  involving  pretreatments 
with  0.1  to  1%  solutions  of  sulphuric 
acid,  and  0.25  to  1.0%  solutions  of 
sodium  hydroxide,  followed  by  two 
delignification  treatments  with  chlo¬ 
rine  dioxide  with  an  intermediate 
alkali  stage.  While  neither  the  pre¬ 
treatments  nor  the  conditions  of  the 
various  stages  in  the  delignification 
are  considered  by  any  means  to  be 
optimum,  the  main  feature  of  the  tech¬ 
nique  is  the  fact  that  the  amount  of 
chlorine  dioxide  consumed  was  re¬ 
duced  from  about  67.5%  to  the  range 
of  20  to  27%.  By* the  process  used, 
pulps  were  obtained  in  Ho  to  49% 
yield  with  alpha-cellulose  contents 
ranging  from  77  to  87%.  The  D.  P. 
values  of  most  of  these  pulps  ranged 
from  1400  to  2000,  the  higher  values 
being  obtained  when  lower  amounts 
of  chlorine  dioxide  were  used.  The 
use  of  less  than  20%  chlorine  diox¬ 
ide  under  the  conditions  studied  was 
found  to  be  insufficient,  producing  a 
brown  product  with  a  relatively  high 
permanganate  number. 

The  exclusion  of  the  use  of  buffer 
in  the  chlorine  dioxide  delignification 
treatments  caused  some  hydrolysis  of 
the  cellulosic  material,  but  none  of 
the  pulps  studied  suffered  degradation 
sufficient  to  seriously  affect  the  prop¬ 
erties  of  the  pulps. 

Many  of  the  pulps  mentioned  above 
might  have  suitable  properties  for  use 
in  the  manufacture  of  lacquers  or 
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plastics.  For  their  use  in  the  manu¬ 
facture  of  rayon  or  for  certain  esteri¬ 
fication  processes,  pulps  with  93  to 
9y/r  alpha-cellulose  can  be  obtained 
by  the  use  of  a  cold  concentrated  alka¬ 
line  purification  treatment.  While  pre¬ 
liminary  experiments  on  acetylation  of 
high  alpha  pulps  have  given  promis¬ 
ing  results,  more  extensive  experi¬ 
mental  work  is  being  carried  out  on 
relatively  large  quantities  of  material 
for  evaluation  for  specific  chemical 
purposes. 

It  is  emphasized  that  all  results  re¬ 
ported  in  this  paper  were  obtained 
from  small  scale  laboratory  experi¬ 
ments,  with  little  thought  given  to  in¬ 
dustrial  implications.  Although  chlo¬ 
rine  dioxide  at  present  is  a  rather  ex¬ 
pensive  reagent,  it  is  believed  that  the 
price  may  be  lowered  considerably  by 
the  development  of  improved  tech¬ 
niques  for  its  generation.  Reduction  to 
the  20%  range  of  the  amount  of  chlo¬ 
rine  dioxide  required  for  the  delignifi- 
cation  of  sawdust,  with  the  possibility 
of  even  further  reduction,  would  ap¬ 
pear  to  make  a  process  involving  this 
reagent  somewhat  more  attractive.  A 
favorable  feature  in  the  use  of  chlo¬ 
rine  dioxide  lies  in  the  fact  that  it 
involves  delignification  at  relatively 
low  temperatures  and  at  atmospheric 
pressure.  In  addition,  there  is  a  con¬ 
tinually  increasing  quantity  of  saw¬ 
dust  available  in  relatively  pure  form 
owing  to  the  recent  trend  of  many 
large  sawmills  to  bark  their  logs  prior 
to  sawing.  From  the  foregoing,  there 
appears  to  be  considerable  merit  in 
further  exploring  the  technical  possi¬ 
bilities  of  conversion  of  sawdust  to 
cellulosic  products. 
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Discussion 

L.  IF.  Mims  (Cabot  Carbon  Com¬ 
pany,  Gainesville,  Florida):  1.  How  is 
the  commercial  manufacture  of  Chlo¬ 
rine  Dioxide  handled?  2.  Is  special¬ 
ized  equipment  required? 

Dr.  Levitin:  Chlorine  dioxide  can 
be  easily  prepared  by  treating  sodium 
chlorite  with  acid  or  chlorine.  How¬ 
ever  since  sodium  chlorite  is  made 
from  chlorine  dioxide  in  the  first 
place,  and  is  very  expensive,  this 
method  is  only  used  where  small 
amounts  of  CLO^  are  desired  and  the 
cost  of  setting  up  a  chlorine  dioxide 
generator  is  not  warranted. 

In  large  scale  work  CLOg  may  be 
prepared  by  several  methods.  The  cos' 
of  the  generators  may  run  into  severa; 
hundred  thousand  dollars.  In  all 
cases  sodium  chlorate  is  used  as  the 
starting  product  and  the  chlorine 
dioxide  is  absorbed  in  water. 

The  Holst  process  uses  sulphui 
dioxide  on  acidified  sodium  chlorat' 
solution.  Rapson  &  Wayman  o* 
Hawkesbury,  Ont.,  have  a  patent  ii 
which  SO,  is  used  on  sodium  chlorate 
without  the  use  of  any  other  acid.  The 
Persson  process  uses  SO,  and  acidified 
sodium  chlorate  with  chromic  sulphate 
as  eataly.st.  I  believe  acidified  sodiun. 
chlorate  has  been  used  with  methano! 
to  give  CLO,.  Oxalic  acid  on  sodiuir. 
chlorate  acidified  with  sulphuric  aciei 
may  also  be  used. 

However,  recently  a  very  fine  proc 
css  has  been  developed  by  Kesting  in 
Munich,  Germany,  and  I  believe  the 
Brown  Corp.  has  the  U.  S.  patent  on 
the  process.  By  this  method  sodium 
chlorate  reacts  with  hydrochloric  acid 
to  give  CLO,,  water,  and  sodium 
chloride.  The  sodium  chloride  is  then 
converted  back  to  chlorate  in  an  elec¬ 
trolytic  cell  and  the  process  continues. 
Thus  CLO.J  really  comes  from  HCL, 
HOH,  and  electric  current,  the  sodium 
chlorate  acting  as  a  transmitter  ot 
oxygen.  Kesting  quoted  that  this 
process  should  make  the  cost  of 
CLO,  in  the  U.  S.  about  16^ /lb.  With 
cheap  electric  current  it  should  ! 
even  less.  (This  process  at  present 
looks  very  promising.)  However,  the 
cost  of  setting  up  the  plant  wouM 
probably  be  high. 
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DUI-:  TO  THK  ABUNDANCK  of  WOod 
in  our  country  wc  have  grown  to 
take  its  presence  for  granted.  Seldom 
do  we  stop  to  consider  its  interesting 
complex  structure  which  is  so  amaz¬ 
ingly  rich  in  chemical  raw  material. 
The  uses  for  this  great  natural  re¬ 
source  have  been  classified  (reference 
1)  as  falling  into  three  avenues.  These 
are:  wood  as  wood;  wood  as  fiber; 
and  wood  as  chemical  bodies.  The 
objective  of  this  paper  is  to  appraise 
the  commercial  potentialities  of  chem¬ 
ical  utilization  of  wood  and  show  the 
logical  reasons  for  optimism  in  visual¬ 
izing  its  future. 

The  use  of  wood  as  a  chemical  raw 
material  is  old  and  has  been  carefully 
reviewed  in  recent  publications  (ref¬ 
erences  2  and  3).  Examples  include 
the  manufacture  of  dissolving  cellu¬ 
lose,  wood  sugar  and  products  of 
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wood  distillation.  Since  much  con- 
kructive  effort  has  been  spent  on  chem¬ 
ical  utilization,  the  question  naturally 
arises,  "What  do  we  have  now  which 
makes  this  avenue  more  attractive  than 
it  has  been  in  the  past?”  To  us  the 
answer  is  indicated  in  complete  inte¬ 
gration  of  all  three  avenues  of  utili¬ 
zation  combined  with  proper  selection 
of  processes  within  the  chemical  utili¬ 
zation  avenue  to  the  end  that  the  yield 
of  total  products  approaches  complete 
utilization  of  the  raw  material. 

The  economy  of  any  industry  is 
vitally  tied  in  with  the  cost  of  the  raw 
material,  processing  costs,  capital  in¬ 
vestment,  yield  of  products,  and  mar¬ 
ket  value  of  materials  produced.  In 
Fig.  1,  is  given  the  approximate  sales 
realization  which  can  be  expected  from 
each  ton  of  wood  (O.D.  basis)  which 
comes  to  the  plant  site,  after  it  has 
been  converted  through  each  of  the 
three  avenues  into  marketable  prod¬ 
ucts.  It  will  be  noted  that  in  general 
the  selling  price  per  ton  of  product 
in  each  instance  is  in  approximately  the 
same  range,  but  that  the  sales  rc-aliza- 
tion  from  each  ton  of  wood  used  varies 
because  of  the  difference  in  yield  of 
product.  It  also  follows  that  since  each 
of  the  established  avenues  is  a  com¬ 
mercially  successful  industry  that  the 
processing  costs  must  be  less  in  the 
cases  where  yield  is  low  than  in  other 
cases. 

Since  sales  realization  per  ton  of 
wood  varies  directly  with  yield,  profits 
should  vary  in  a  similar  manner  if 
manufacturing  costs  are  held  to  a 
minimum. 

In  addition,  this  sales  realization 
per  ton  of  wood  can  be  incrc*ased 
through  integration  of  more  than  one 
avenue  of  utilization.  To  illustrate 
this,  let  us  assume  that  fifty  percent  of 


a  ton  of  barked  log  is  converted  into 
ninety-five  dollar  per  ton  lumber.  This 
uses  half  of  our  raw  material  by  a 
low  cost  conversion  process.  As  a  by¬ 
product  from  this  conversion  we  have 
the  other  half  ton  of  wood  in  the 
form  of  clean  slabs,  edgings,  sawdust, 
shavings  and  perhaps  decay.  If  these 
can  be  converted  by  a  simple  process 
with  eighty-five  per  cent  yield  of  chem¬ 
icals  at  approximately  the  same  selling 
price,  the  total  yield  is  ninety-two  and 
one-half  percent  and  the  realization 
per  ton  of  wood  is  raised  from  forty- 
seven  fifty  to  over  eighty-seven  dol¬ 
lars.  Present  practice  includes  utiliza¬ 
tion  of  a  portion  of  these  by-products, 
namely  the  clean  slabs  and  edgings, 
for  pulp,  whole  wood  fibers,  hard- 
boards  or  particle  boards.  With  the 
exception  of  a  few  mills  converting 
shavings  into  particle  boards  or  Pres¬ 
to-Logs,  the  other  large  volume  by¬ 
products,  which  also  include  bark,  find 
use  primarily  as  fuel.  We  are  offered, 
therefore,  the  opportunity  of  integrat¬ 
ing  into  existing  large  mills  a  chem¬ 
ical  utilization  where  a  chemically  rich 
raw  material  is  available  at  plant  site 
in  a  comminuted  form  for  the  price  of 
fuel. 

The  chemical  utilization  of  wood 
may  be  analyzed  through  the  answers 
to  three  questions: 

(1)  Why  consider  the  chemical 
approach? 

(2)  Are  there  commercial  poten¬ 
tialities? 

(3)  If  so,  what  are  they? 

It  is  logical  that  we  should  think  of 
the  chemical  approach  since  we  live 
in  a  chemical  age  where  technological 
advances  are  rapid,  and  succc'ssful 
chemical  enterprises  are  constantly 
called  to  our  attention.  Furthermore, 
we  have  a  raw  material  that  is  abund¬ 
ant  and  available  from  a  continually 
replenished  supply  in  contrast  to  those 
oil,  coal  and  mineral  resources  which 
are  exhaustible.  In  addition,  the  chem¬ 
ical  industry  has  established  a  good 


I'tURNAL  of  FPRS 


85 


earnings  record  and  in  general  is  con¬ 
sidered  a  profitable  one.  Finally,  by 
virtue  of  standardized  plant  equip¬ 
ment  used  for  chemical  processing,  a 
certain  leeway  is  permitted  in  the  final 
products  produced,  giving  an  element 
of  flexibility  to  cope  with  changing 
market  conditions. 

Before  we  can  ans\\'er  question  two 
relative  to  commercial  potentialities, 
we  must  consider  several  important 
factors: 

(a)  What  is  the  nature  of  wood’s 
composition  ? 

(b)  What  is  the  structure  of  the 
building  blocks  in  the  compo¬ 
nents  of  this  composition? 

(c)  Can  these  components  or  their 
building  blocks  be  isolated? 

(d)  When  such  products  are  iso¬ 
lated,  are  they  useful? 

(a)  A  study  of  the  composition  of 
wood  shows  that  it  is  an  extremely 
heterogeneous  material  consisting  of 
minor  amounts  of  relatively  simple 
organic  compounds  and  a  variety  of 
polymeric  materials.  These  polymers 
are  of  several  types  formed  from  dif¬ 
ferent  kinds  of  building  blocks.  In 
addition  these  polymers  range  in  size 
from  water' soluble  reactive  units,  con¬ 
taining  relatively  few  building  blocks, 
to  very  large  polymers  which  are  in¬ 
soluble  and  resistant  to  chemical 
attack.  Present  day  knowledge  of 
wood’s  chemical  characterization  has 
been  summed  up  in  a  one-sentence 
description  (reference  6)  as  follow's: 
"A  skek-ton  of  polysaccharide  based 
fibers  in  which  glucosan  predominates, 
embedded  and  bonded  in  a  polymer¬ 
ized  aromatic  matrix  in  which  the 
phenyl  propyl  radical  plays  a  major 
role  as  a  building  block,  but  accom¬ 
panied  by  an  aggregation  of  other  or¬ 
ganic  compounds  falling  in  neither 
category.” 

Broadly  speaking,  the  components 
of  wood  fall  into  three  classes:  car¬ 
bohydrates,  ■  lignins,  and  extraneous 
materials. 


The  carbohydrate  part  or  holocellu- 
lose  is  essentially  what  chemists  would 
call  an  ester-ether  polymer.  That  is, 
the  building  units  of  this  polymer  are 
bridged  by  oxygen  bonds  of  two  types. 
In  the  main  polymeric  chain  glycosidic 
linkages  join  simple  sugar  units  which 
are  predominantly  glucose  and  xylose 
with  lesser  quantities  of  other  sugars 
as  mannose,  galactose  and  arabinose. 
Attached  to  this  chain  by  ester  link¬ 
ages  are  uronic  acids  of  several  sugars. 

Lignin  is  a  term  used  to  describe 
a  variety  of  products  which  have  been 
produced  from  the  binding  material 
embedding  the  cellulosic  polymers. 
Isolated  lignins  are  polymers  of  un¬ 
known  constitution  formed  from  phe¬ 
nyl  propane  type  building  units.  The 
number  of  these  units  in  the  polymer 
and  the  nature  of  their  linkages  and 
functional  endings  have  not  definitely 
been  established.  In  situ,  it  may  exist 
in  a  range  of  polymer  sizes.  In  this 
form,  it  is  a  highly  reactive  material, 
possibly  chemically  bonded  with  the 
cellulosic  polymers,  and  subject  to 
varying  degrees  of  modification  dur¬ 
ing  isolation. 

Extraneous  materials  in  the  differ¬ 
ent  woods  vary  widely  in  kind  and 
quantity,  excepting  potash  which  is 
present  in  all  woods  in  consistently 
small  amounts.  Other  extraneous  ma¬ 
terials  include,  for  instance,  silica 
(bamboo,  tropical  woods),  aromatic 
substances  (eculayptus  oil,  camphor, 
rosin),  protective  substances  (thuja- 
plicin,  quercetin,  tannins),  and  alka¬ 
loids. 

So  far  as  the  three  classes  of  wood 
components  are  concerned,  the  rela¬ 
tive  proportions  in  woods  of  different 
types  including  tropical  woods  (ref¬ 
erence  4)  are  quite  similar.  This  is 
demonstrated  in  Fig.  2.  Here  it  is 
shown  that  broadly  speaking,  woods 
of  different  types  are  identical,  espe¬ 
cially  when  comparing  conifers  of  dif¬ 
ferent  species.  However,  when  we 
study  in  detail  the  nature  of  the  classes 
of  components,  variations  are  appar¬ 


ent.  Examples  of  extreme  differences 
are  brought  out  when  aspen  an.i 
Douglas  fir  are  compared.  Whereas 
Douglas  fir  wood  is  difficult  to  sep; 
rate  into  its  components,  aspen  is 
readily  broken  down.  The  holocelli 
lose  content  of  aspen  is  much  highi 
than  Douglas  fir,  with  a  near  norm.  l 
cellulose  content  but  much  highc  • 
hemicellulose  content.  At  the  san  ■ 
time,  the  lignin  in  aspen  which 
amounts  to  approximately  nineteen 
percent  of  its  composition  is  more 
easily  removed  than  the  approximate!  .' 
twenty-nine  percent  found  in  Douglas 
fir.  Chemical  analysis  of  the  building 
blocks  in  the  polymers  shows  some 
differences  such  as  the  presence  of  an 
additional  methoxyl  group  in  the  lig¬ 
nin  unit  of  deciduous  woods. 

(b)  Since  the  chemical  structure  of 
these  building  units  will  control  their 
chemical  utilization.  Slide  III  has  been 
prepared  to  permit  a  clearer  under¬ 
standing  of  the  two  main  types  of 
units  that  make  up  the  carbohydrate 
and  lignin  polymers. 

At  the  top  of  the  figure  are  the  sugar 
units  found  in  the  carbohydrate  poly¬ 
mers.  Glucose  is  illustrated  as  a  typical 
example.  It  has  a  ring  structure  con¬ 
taining  five  carbon  atoms  and  one 
oxygen  atom.  This  ring  can  be  easily 
opened  by  mild  chemical  action,  and 
the  polymer  units  are  readily  sej  i- 
rated  at  their  glycosidic  linkage  !  y 
hydrolysis.  On  the  other  hand,  t'’e 
phenyl  propane  type  of  unit  found  ;n 
lignin  polymers  displays  a  differc.it 
chemical  structure.  Here  again,  vee 
have  the  presence  of  a  six  member  d 
ring.  However,  this  ring  has  an  aro¬ 
matic  configuration  which  acts  as  a 
unit  under  mild  chemical  treatm^  it 
and  can  be  opened  only  by  sevc  re 
chemical  action.  Freudenberg  has  i- 
dicated  that  the  linkage  between  i  le 
building  blocks  in  lignin  is  of  an  etl  er 
type.  This  linkage  is  more  difficult  o 
cleave  than  the  glycosidic  linkages  n 
cellulose. 
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(c)  Recognizing  the  structure  of 
the  two  main  types  of  building  blocks, 
their  existence  in  polymeric  form,  and 
the  fact  that  the  two  types  of  polymers 
are  intimately  mixed  and  possibly 
chemically  bonded,  we  now  consider 
the  possibility  of  their  isolation  as 
building  blocks  or  as  polymers  of 
various  sizes.  Here  we  must  differen¬ 
tiate  between  isolating  polymers  of 
controlled  size  and  cleaving  the  poly¬ 
mers  down  to  the  ultimate  building 
block.  In  the  first  case,  we  merely  rup¬ 
ture  the  bond  between  polymers  and 
then  break  a  few  of  the  bridges  in  the 
lar'.;e  polymer  to  give  the  desired  prod- 
u>.:.  We  know  from  long  experience 
th..t  once  such  a  process  is  well  started 
it  s  difficult  to  control  and  to  stop 
at  .in  intermediate  level.  However, 
te  nology  has  progressed  to  the  point 
wt  re  this  can  be  done  in  a  few  cases. 
Dc:;ng  the  production  of  chemical 


cellulose,  the  carbohydrate  chains  in 
wood  with  a  degree  of  polymerization 
in  excess  of  4000  units  are  reduced  to 
a  range  of  approximately  eight  hun¬ 
dred  to  twelve  hundred  units.  In  the 
case  of  wood  hydrolysis,  the  cleavage 
of  polymers  is  carried  down  to  the 
simple  sugar  level,  and  under  the  con¬ 
ditions  of  hydrolysis,  part  of  the  build¬ 
ing  block  units  are  broken  down  into 
decomposition  products  as  hydroxy¬ 
methyl  furfural  and  levulinic  acid. 
This  reaction,,  however,  can  be  con¬ 
trolled  to  give  maximum  yield  of 
sugars,  hydroxymethyl  furfural  or  levu¬ 
linic  acid. 

A  great  deal  of  effort  and  study  has 
been  given  to  the  lignin  portion  of 
wood.  A  small  part  of  the  lignin  as  it 
exists  in  situ  is  believed  to  have  been 
isolated  in  the  laboratory  and  called 
native  lignin.  These  relatively  small 
polymers,  due  to  their  reactive  nature. 


paratively  large  polymers.  Such  poly¬ 
mers  can  be  broken  into  moaified 
building  units  through  chemical  action, 
such  as  the  production  of  vanillin  by 
oxidation  of  lignin  sulfonic  acids. 

(d)  The  usefulness  of  the  products 
that  can  be  isolated  has  been  only  par¬ 
tially  established.  A  million  tons  of 
chemical  cellulose  is  used  annually 
in  the  production  of  cellulose  deriva¬ 
tives.  Wood  sugar  from  hydrolysis 
must  compete  with  blackstrap  molasses 
which  enjoys  a  free  market  from  sugar 
crops  produced  all  over  the  world.  In 
order  for  this  to  be  econqmically 
sound,  the  other  products  of  the  hy¬ 
drolysis  must  find  profitable  utility. 
At  present,  no  one  has  been  able  to  do 
this  with  the  condensed  lignin  formed 
during  hydrolysis.  Hydroxymethyl  fur¬ 
fural  and  levulinic  acid  are  well  known 
organic  chemicals  and  there  can  be 
little  doubt  that  markets  can  be  devel- 
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oped  for  them  if  they  can  be  produced 
and  sold  at  attractive  prices. 

The  utility  of  lignin  components 
falls  into  two  fields:  those  relating  to 
use  of  a  polymeric  material  and  those 
directed  towards  using  the  building 
unit.  Several  companies  have  made  ex¬ 
cellent  progress  in  the  field  of  market¬ 
ing  modified  re-covered  lignin  poly¬ 
mers,  but  at  present  only  a  small  por¬ 
tion  of  the  available  raw  material  is 
used.  The  second  approach  offers  a 
tremendous  potential.  This  aromatic 
building  unit  could  be  a  basic  raw 
material  for  enormous  chemical  mar- 
kc-ts  now  being  supplied  from  coal  tar, 
oil  and  gas  resources.  A  process  which 
produces  cheap  aromatic  neuclei  has 
ample  markets  in  which  it  can  ex¬ 
pand.  A  step  in  this  direction  is  the 
current  commercial  production  of 
vanillin  by  oxidation  of  waste  liquor 
lignins. 

Let  us  now  turn  to  consideration  of 
what  might  constitute  a  commercial 
process  for  complete  chemical  utiliza¬ 
tion  of  wood.  In  so  doing,  we  must 
evaluate  the  following: 

(a)  Available  processes  and  result¬ 
ing  products. 

(b)  Possibility  of  integrating  such 
processes. 

(c)  Ability  of  selected  process  to 
meet  the  conditions  required 
for  successful  commercializa¬ 
tion. 

(a)  The  various  processes  that  have 
been  established  to  utilize  wood  chem¬ 
ically  can  be  grouped  into  three  types, 
namely:  extraction,  fractionation  and 
cleavage.  These  may  be  defined  as 
follows:  Extraction  is  the  removal  of 
certain  constituents  of  the  wood  in  an 
unchanged  condition  by  putting  them 
into  solution  through  simple  solvent 
action  of  water  or  organic  solvents;  or 
by  steam  distillation.  Fractionation  is 
the  breaking  down  of  wood  into  frac¬ 
tions  through  stepwise  application  of 
chemical  action  limited  in  intensity 
during  each  step  to  the  minimum 
severity  required  to  remove  and  iso¬ 
late  the  fraction,  (reference  5).  Prod¬ 
ucts  are  obtained  with  some  modifica¬ 
tion  but  ideallv  tend  to  retain  their 
original  structure.  Cleavage  accom- 
plishc-s  the  collapse  of  wood  structure 
through  a  single  vigorous  physical  or 
chemical  means  forming  modified 
building  units  or  their  decomposition 
products. 

In  ^ig.  4  some  of  the  processes 
falling  in  these  three  types  have  been 
listed  with  the  products  formed  in 
each  case.  In  general,  thc-se  processes, 
with  the  exception  of  the  production 
of  chemical  cellulose,  do  not  represent 
large  chemical  industries,  and  the 
main  reason  for  this  condition  lies  in 
the  low  yield  of  products  produced. 


Successful  processing  continues  pri¬ 
marily  in  those  instances  where  a  very 
rich  natural  extractive  (for  example, 
Quebracho)  occurs  and  its  market 
price  will  carry  the  industry  even 
though  yield  is  low'  from  the  stand¬ 
point  of  total  utilization  of  the  wood; 
or  in  those  cases  where  an  otherwise 
valueless  or  nuisance  by-product  is 
converted  into  a  valuable  product  and 
the  return  as  a  limited  yield  is  suffi¬ 
cient  to  justify  the  processing  costs. 

If  the  processes  listed  in  Fig.  4, 
or  modifications  of  them,  could  be 
applied  to  the  raw  material  in  a  pre¬ 
ferred  sequence  of  operations  so  that 
as  an  integrated  result  a  high  total 
yield  of  products  were  obtained,  the 
economics  could  be  vastly  improved. 

A  schematic  indication  of  the  pos¬ 
sibilities  of  integration  is  given  in 
Fig.  5.  In  studying  this  figure,  it  is 
soon  apparent  that  a  great  variety  of 
combinations  of  steps  is  possible.  The 
fundamental  approach  is  a  gradual  in¬ 
crease  in  severity  of  treatment  with 
removal  of  sensitive  products  as  they 
are  produced  to  prevent  their  cleavage 
or  condensation  by  subsequent  treat¬ 
ments  used  for  further  breakdown  of 
the  raw  material. 

Before  carrying  this  approach  far¬ 
ther,  we  should  analyse  the  conditions 
which  must  be  fulfilled  to  usefully 
employ  a  chemical  raw  material.  As 
pointed  out  in  reference  6,  there  are 
three  broad  requirements;  namely,  ade¬ 
quate  technology,  sound  economics 
and  proper  timing.  The  technology 
must  cover  all  of  the  scientific  under¬ 
standing  of  the  nature  of  the  raw 
material  as  necessary  to  develop  the 
process  to  obtain  the  most  valuable 
products  possible  in  the  highest  yield. 
The  decline  of  the  wood  distillation 
industry  is  an  example  of  inadequate 
technology,  and  lack  of  integration, 
combined  with  low  v'alue  products  so 
that  the  economics  became  unsound 
when  the  synthetics  became  available. 
Sound  economics  require  that  when 
price  is  in  line  with  utility,  a  suitable 
profit  margin  exists  above  costs.  Proper 
timing  involves  the  urge  for  action. 
This  may  come  from  such  factors  as 
a  shortage  of  supply  of  other  mate¬ 
rials,  a  shortage  of  raw  materials,  an 
abnormal  price  situation  or  artificial 
conditions  such  as  brought  about  by 
a  war.  The  semi-chemical  pulp  indus¬ 
try  illustrates  this  point.  The  first  mill 
runs  were  made  by  the  Forest  Products 
Laboratory  as  early  as  1929,  but  no 
appreciable  progress  was  made  in  the 
industry  until  after  World  War  II 
when  the  greatly  increased  demand 
for  corrugating  board  provided  the 
urge  to  use  the  process. 

The  chemical  utilization  of  wood 
will  be  on  a  sound  economical  basis 


when  all  of  the  following  require¬ 
ments  are  met: 

(a)  A  low  cost  raw  material  must 
be  used.  This  is  now  av'ailable 
under  favorable  conditions 
through  integration  with  other 
processes.  The  portions  be,st 
used  for  lumber  or  fiber  are 
processed  for  those  products 
thereby  making  available  low 
value  sawdust,  decay  and 
barker  waste  for  chemical  pro¬ 
duction. 

(b)  Chemical  processes  must  be 
integrated  to  give  diversified 
products.  Some  indications  <.  f 
how  this  may  be  done  ha\  e 
been  given.  An  example  tjf 
how  proven  processes  might 
be  tied  into  one  plant  is  illi-'- 
trated  in  Fig.  6.  Addition  d 
research  will  develop  oth  r 
improved  combinations. 

(c)  The  chemical  processes  chos  n 
must  be  simple  and  reliabi :, 
using  low  capital  investmc  it 
and  minimum  labor.  This  is 
the  first  hurdle  to  be  met  and 
is -more  favorable  under  ex¬ 
traction  and  fractionation  co?i- 
ditions  than  for  cleavage. 

(d)  The  products  produced  mi.st 
be  of  high  utility  and,  hen^e, 
command  a  fair  price.  Tliis 
has  been  accomplished  in 
chemical  cellulose  and  vanillin. 
It  would  be*  true  for  ethanol  if 
the  by-products  were  made  to 
carry  their  share  of  the  realiza¬ 
tion.  It  has  been  shown  that 
other  valuable  chemicals  are 
potentially  available. 

(e)  The  products  produced  must 
be  suitable  for  large  volume 
broad  markets.  Some  of  these 
are  proven  while  others  are 
not. 

The  problems  confronting  chemical 
utilization  have  been  set  forth.  Some 
of  them  are  technical,  while  others 
are  economic,  none  are  insurmounta¬ 
ble.  By  and  large  they  present  a  fa¬ 
vorable  picture. 

In  conclusion,  we  feel  that  (he 
future  of  chemical  utilization  of  wood 
is  not  only  possible  but  is  inevitable. 
With  continued  improvement  in  tech¬ 
nology,  with  complete  integration  or 
improved  economics  and  with  n- 
creased  world  demand  for  the  valua¬ 
ble  chemicals  potentially  available,  I  'le 
right  timing  will  soon  be  at  hand 
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Discussion 

R.  R.  Bottoms  (National  Cylinder 
Gas  Co.,  Crestwood,  Ky.):  Do  you 
include  bark  in  your  utilization  pro¬ 
gram? 

Dr.  Esterer:  Yes,  we  do,  but  there 
are  complications.  The  composition  of 
bark  is  very  different  from  that  of 
wood.  Therefore,  it  is  recommended 
to  separate  bark  from  wood  mechani¬ 
cally  before  subjecting  either  to  chem¬ 
ical  separation  processes.  Without 
mechanical  separation  of  bark,  yield 
calculations  become  difficult  since  bark 
content  of  the  rough  log  varies  with 
tree  species  from  almost  zero  in 
Eucalyptus  to  as  much  as  12  percent 
for  Douglas  Fir,  and  changes  substan¬ 
tially  depend  on  log  age,  size  and 
position  in  the  tree. 

lU.  /.  Tomford  (James  E.  Stark 
Company,  Memphis,  Tenn.):  Are  all 
logs  debarked  at  the  Weyerhaeuser 
Timber  Company  operations? 

Dr.  Esterer:  Practically  all  logs  are 
debarked  at  all  of  our  mills  except  at 
one  small  mill. 


George  Rives  (Poinsett  Lumber 
Company, _ );  You  made  ref¬ 

erence  to  the  chemical  utilization  of 
bark  and  decayed  wood.  Is  this  com¬ 
mercially  feasible  and  how  much  can 
you  use?  Is  the  cost  of  transportation 
of  this  material  a  limiting  factor? 

Dr.  Esterer:  The  chemical  utiliza¬ 
tion  of  bark  appears  to  be  commer¬ 
cially  feasible.  Decayed  wood  is  not 
in  the  same  category.  Decay  is  a  suit¬ 
able  material  technically  for  chemical 
utilization,  but  there  are  collection 
and  transportation  problems  especially 
for  advanced  stages  of  decay  which 
separate  from  the  log  during  handling 
before  logs  reach  the  mill. 

Mr.  Sproull:  We  frequently  speak 
of  lignin  and  cellulose  together.  Do 
you  think  that  they  are  chemically 
bound  in  the  wood  or  are  they  present 
as  separate  units? 

Dr.  Esterer:  This  is  still  considered 
an  unsolved  problem.  It  is  my  per¬ 
sonal  opinion  that  there  is  very 
definitely  a  bond  between  carbohy¬ 
drates  and  lignin  rather  than  between 
cellulose  and  lignin.  A  great  deal  of 
detailed  work  has  been  done  in  this 
field.  We  should  take  a  more  general 
view  of  the  problem.  Lignocellulose 
acts  as  if  it  were  a  compound  consist¬ 
ing  of  carbohydrates  and  mono  or 
polyphenols,  the  bond  between  them 
being  easily  broken  in  chemical  reac¬ 
tions.  There  is  physical  and  chemical 
evidence  for  this.  Swelling  agents 
can  swell  a  sheet  of  isolated  cellulose 
to  nine  times  its  thickness  whereas 
under  the  same  conditions  we  obtain 
very  little  swelling  of  cellulose  in  the 
matrix  of  lignocellulose.  If  we  treat 
lignocellulose  with  an  alkali,  the 
phenols  are  rapidly  cleared  off  and 
oxidized  to  a  brown  product,  alkali 
lignin,  which  generally  resembles 
products  obtained  by  the  action  of 
alkali  on  polyhydric  phenols,  such  as 


pyrogallol.  If  we  try  to  break  the 
bond  in  lignocellulose  with  an  acid, 
the  effect  is  cleavage  by  hydrolysis, 
and  subsequent  polymerization  of 
phenols  to  insoluble  products. 

The  problem  is,  therefore,  to  ascer¬ 
tain  the  nature  of  the  bond  between 
carbohydrates  and  phenols  and  to  find 
a  way  to  break  it  that  will  permit  the 
use  of  the  components.  The  present 
methods  of  cleavage  are  too  severe, 
and  should  be  replaced  by  milder 
methods. 

Mr.  Sproull:  I  understand  that  the 
ideal  process  is  to  start  with  a  gentle 
treatment  and  gradually  increase  the 
severity.  To  what  extent  is  this  pos¬ 
sible  now? 

Dr.  Esterer:  Great  strides  have 
been  made  in  this  direction  and  I  be¬ 
lieve  we  can  see  our  way  as  shown  in 
slide  5. 

G.  G.  Sward  (National  Paint,  Var¬ 
nish  &  Lacquer  Association,  Washing¬ 
ton,  D.  C.):  You  spoke  of  decay.  Is 
decayed  wood  a  product  or  a  raw 
material?  Do  you  promote  it  as  a  raw 
material  for,  say,  biologicals? 

Dr.  Esterer:  Yes,  we  consider  it  as 
a  raw  material.  It  has  been  mentioned 
in  the  patent  literature  as  a  binding 
material  for  fibers  and  it  has  been  rec¬ 
ommended,  a  few  years  ago,  to  pro¬ 
duce  such  decay  artificially  but  no 
progress  seems  to  have  been  made.  I 
believe  that  so  far  decayed  wood  is 
not  being  used  as  a  raw  material  for 
the  production  of  biochemicals.  From 
the  standpoint  of  lumber  manufacture, 
the  presence  in  limited  amounts  of 
certain  kinds  of  decay  as  that  caused 
by  Fomes  Pini,  enhances  the  decora¬ 
tive  effect  obtainable.  One  such  prod¬ 
uct  for  interior  finish  is  called  drift¬ 
wood.  A  certain  amount  of  decay  is 
accepted  in  some  grades  of  lumber. 


J‘^RNAL  of  FPRS 


89 


TECHNICAL  SESSION  IV— Tue.,  June  16, 1953, 9:00  A.M. 

Subject:  Containers  and  Protective  Packing  Materials 
Chairman:  Earl  R.  Stivers 
Recorder:  David  E.  Herrick 

Basic  Design  Data  for  Solid  Fiberboard 
Shipping  Containers' 

K.  Q.  KELLICUTT 

Engineer 
and 

E.  F.  LANDT 

Technologist,  Forest  Products  Laboratory,®  Forest  Sei^’ice,  U.  S.  Department  of  Agriculture 


Paper  discusses  the  use  of  a  formula  for  predicting  the  top-to- 
bottom  compressive  strength  of  solid  fiberboard  boxes  as  well  as  a 
means  of  interpreting  the  strength  values  for  various  moisture  con¬ 
tents  of  the  fiberboard  and  a  means  of  determining  stacking  loads 
for  boxes  in  storage.  It  also  discusses  the  box  strength  calculator, 
which  simplifies  the  use  of  design  data  for  both  solid  and  corrugated 
boxes. 


Introduction 

Nuts,  bolts,  stoves,  refrigerators, 
washing  machines,  furniture, 
food,  clothing,  and  literally  thousands 
of  articles  today  are  packaged,  shipped, 
stored,  displayed,  and  sold  in  fiber- 
board  containers.  New  uses  are  con¬ 
tinually  being  made  of  fiberboard  and 
have  accounted  for  the  phenomenal 
growth  of  the  industry  in  the  past  50 
years.  In  recent  years  the  growth  has 
been  especially  significant  to  the  South 

*  This  paper  reports  research  undertaken  in 
cooperation  with  the  Quartermaster  Food  and 
Container  Institute  for  the  Armed  Forces  and 
has  been  assigned  No.  419  in  the  series  of 
papers  approved  for  publication.  The  views  or 
conclusions  contained  in  this  report  are  those 
of  the  authors.  They  are  not  to  be  construed 
as  necessarily  reflecting  the  views  or  endorse¬ 
ment  of  the  Department  of  Defense. 

“  Maintained  at  Madison,  Wis.,  in  coopera¬ 
tion  with  the  University  of  Wisconsin. 
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where  paperboard  and  fiberboard  box 
manufacturers  have  expanded  their 
facilities. 

Because  of  this  rapid  growth,  re¬ 
search  has  lagged  developments  in  this 
field.  Although  much  has  been  done 
in  the  way  of  basic  studies  of  fiber- 
board  for  shipping  containers,  and 
much  information  has  been  accumu¬ 
lated  (5,  6)®  as  a  result  of  experience 
on  the  performance  of  fiber  contain¬ 
ers,  more  work  needs  to  be  done.  Bet¬ 
ter  and  cheaper  methods  need  to  be 
developed  for  making  fiberboard  water 
resistant.  This  would  provide  many 
new  uses  for  fiberboard.  Also,  more 
meaningful  specifications  for  fiber- 
board  boxes  need  to  be  developed. 

Recognizing  the  need  for  design 
criteria  for  use  of  fiberboard  in  ship¬ 
ping  containers,  the  Quartermaster 
Food  and  Container  Institute  for  the 
Armed  Forces  has  collaborated  for 
several  years  with  the  Forest  Products 
Laboratory  on  basic  research  involv¬ 
ing  the  strength  properties  of  the  com*^ 
ponent  paperboard  sheets,  the  built-up 
board,  and  the  finished  fiberboard  box. 

The  work  has  been  undertaken  in 
two  phases.  The  first  phase,  develop¬ 
ment  of  design  criteria  for  corrugated 
shipping  containers,  is  partially  com¬ 
pleted  (7,  S,  9,  10).  The  second 
phase,  which  primarily  involves  solid 
fiberboard,  has  been  started.  This 
paper  will  present  some  of  the  work 
that  has  been  done  in  the  second  phase 
of  the  work. 

Since  similar  materials  are  used  in 
corrugated  fiberboard  and  solid  fiber- 
board,  and  since  many  of  the  relation- 

®  Italic  figures  refer  to  articles  listed  in  the 
Literature  Cited. 


ships  that  were  established  for  ct  ■- 
rugated  fiberboard  boxes  also  apply  o 
solid  fiberboard  boxes,  the  first  logiv  il 
step  is  to  summarize  the  work  tl.it 
has  been  done  on  corrugated  fib  r- 
board. 

Phase  I — Background  Informatio:\ 

Early  studies  at  the.  Forest  Produas 
Laboratory  showed  that  the  strengrh 
properties  of  the  component  paper¬ 
board  sheets  could  be  correlated  with 
those  of  the  built-up  board  {1,2,  3, 
4).  However,  the  early  studies,  whieh 
involved  the  evaluation  of  paperboard 
and  corrugated  fiberboard,  made  use 
of  testing  techniques  that  were  consid¬ 
ered  too  exacting  and  precise  for  gen¬ 
eral  use  (1).  Simple  testing  techniques 
were  needed  before  the  use  of  design 
criteria  could  be  made  practical.  There¬ 
fore,  when  the  work  was  resumed 
after  World  War  II  (the  study  was 
inactive  during  the  w'ar),  the  primary 
objective  was  to  develop  simple  test¬ 
ing  techniques  (7,  9).  Several  tech¬ 
niques  were  tried  and  evaluated.  Ihe 
most  promising  component  tests  were 
found  to  be  the  ring-crush  test  and 
strip-column  test. 

Formulas  were  evolved  (7)  in  whkh 
the  test  values  obtained  with  citlier 
the  ring-crush  or  strip-column  test  of 
paperboard  sheets  could  be  used  to 
predict  the  compressive  strength  of 
corrugated  boxes.  When  the  same  ti  -t- 
ing  techniques  were  tried  with  tne 
components  of  solid  fiberboard,  me 
strip-column  test  was  found  to  be  iie 
most  applicable.  The  hf  -’vier  strips  .)f 
paperboard  used  in  making  solid  fii"  r- 
board,  especially  the  filler  sheets,  ot  n 
checked  or  cracked  when  they  v  re 
formed  into  the  circular  ring-cr^  >h 
specimen  holder.  This  did  not  Oi.  or 
when  the  strips  were  held  straight  e- 
tween  two  edge  clamps  in  the  st  p- 
column  test. 

Development  of  a  Design  Formula 
for  Corrugated  Fiberboard  Bo.s.'s: 
The  work  that  had  been  done  at  l  or- 
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-A  paperboard  strip,  together  with  one  properly  inserted 
in  the  edge  clamps  used  for  strip-column  test. 


Figure  1. — Specimen  cutter  used  to  prepare  test  strips  of  paper- 
test.  Sample  strips  and  a  ring-crush  specimen  holder  are  shown  in 
board  '/j  by  6  inches  for  either  the  ring-crush  test  or  strip-column 
the  foreground. 


est  Products  Laboratory  on  applying 
the  thin  plate  theory  of  mechanics  to 
design  of  plywood  {11,  12,  13,  14) 
provided  a  basis  for  a  design  formula 
for  corrugated  fiberboard  and  later 
for  solid  fiberboard.  The  theory  could 
be  applied  because  both  of  these  mate¬ 
rials  are  like  plywood  in  that  they  are 
nonisotropic.  From  the  plywood  for¬ 
mulas,  a  basic  design  formula  was 
evolved  for  corrugated  board.  This 
basic  formula  was  modified  and  sim¬ 
plified  several  times  and  resulted  in 
the  following  formula  for  predicting 
the  top-to-bottom  compressive  strength 
of  A-,  B-,  and  C-flute  boxes  when  the 
flutes  are  vertical  in  the  side  walls: 


boxes  are  being  tested  in  compres¬ 
sion,  and  some  dead-load  tests  are 
being  made  with  boxes.  The  tests  are 
being  conducted  in  various  atmos¬ 
pheres  so  that  the  effect  of  moisture 
content  of  the  fiberboard  on  compres¬ 
sive  strength  can  be  determined. 

Strip-column  Test:  The  strip- 
column  test  was  used  to  test  compo¬ 
nents  of  the  solid  fiberboard.  The  test 
specimens  were  of  the  same  size  and 
cut  with  the  same  specimen  cutter 
used  for  preparing  the  ring-crush  test 
specimens  (fig.  1).  The  cut  specimens, 
1/2  by  6  inches,  were  held  straight  be¬ 
tween  two  clamp  supports  (fig.  2) 
so  as  to  provide  a  column  of  paper- 
board  l/g-inch  high  above  the  clamps. 
The  column  was  crushed  in  a  testing 
machine  where  only  a  single  value, 
that  of  maximum  load,  was  obtained. 
Specimens  were  prepared  so  that  both 
the  with-machine  and  across-machine 
directions  of  the  paperboard  compo¬ 
nents  could  be  tested.  The  tests  were 
conducted  in  a  room  maintained  at 
7*)°  F.  and  64  percent  relative  hu¬ 
midity. 


oc  =  r  a  t  i  o  of  length  of 
corrugating  medium 
when  flat  to  its 
length  when  corru¬ 
gated  (A-flute  = 
1.523,  B  -  f  1  u  t  e  = 
1.361,  C-flute  = 
1.477) 

either  8.36,  5.00,  or  6.10  for 
A-,  B-,  or  C-flute,  respec¬ 
tively 

perimeter  of  box  in  inches 
box  factor  for  the  appropri¬ 
ate  kind  of  fiberboard 
A-flute  =0.59 
B-flute  =  .68 
C-flute  =  .68 


To  simplify  the  use  of  the  formula, 
alinement  charts  were  constructed  for 
A-,  B-,  and  C-flute  boxes  (7). 

To  further  simplify  the  use  of  the 
data,  a  box  strength  calculator  was 
developed  (10).  The  calculator,  which 
consists  of  five  circular  disks  with  vari¬ 
ous  scales  and  indexes  with  a  hair-line 
indicator,  can  be  used  to  solve  design 
problems  by  simple  manipulations  of 
the  disks  of  the  calculator.  It  incorpo¬ 
rates  design  data  for  corrugated  fiber- 
board  as  well  as  some  of  the  informa¬ 
tion  that  has  been  accumulated  for 
solid  fiberboard. 


=  total  compressive  strength  of 
box  in  pounds 

»  =  composite  ring-crush  load  of 
built-up  board  (pounds  per 
inch) 

(Pri  single  face  -|-  Pri  dou¬ 
ble  back  oc  xPrr) 

Pr I  =  ring-crush  load  in 
pounds  per  inch  of 
a  1/2'  6-inch  strip 
of  liner  either  in  the 
with-  or  across- 
machine  direction, 
dependent  upon  P 
Pfc  =  ring-crush  load  in 
pounds  per  inch  of 
a  1/2*  t>y  6-inch  strip 
of  corrugating  me- 
•dium  in  the  across- 
machine  direction 
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Phase  II — Solid  Fiberboard 

Several  forms  of  material  and  test 
methods  are  being  used  to  develop 
design  criteria  for  solid  fiberboard 
boxes.  Component  paperboard  tests 
are  made  with  the  strip-column  tech¬ 
nique;  structures,  such  as  tubes  (a 
box  without  top  and  bottom),  and 
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Figure  3. — Typical  buckling  curves  far 
cubical  A-flute  corrugated  tubes  and  cubical 
solid  fiberboard  tubes  in  sizes  ranging  from 
6  to  24  inches. 


Table  1 — MAXIMUM  STRIP-COLUMN  CRUSH  VALUES  OF  TYPICAL  LINERS  AND 
PAPERBOARD  FILLER  STOCK 


Material  and  description 


Liners 

1.  Fourdrinier  kraft. 

2.  Fourdrinier  kraft. 

3.  Jute . . . 


Basis  With-machine  Across-inachine 


weight  direction  direction 

Lb./1,000  Lb./in.  Lb./in. 

sq.  ft. 

42  15.9  9.8 

54  17.4  12.6 

85  29.8  16.1 


Filler 

1.  Plain  chip . 100  18.3  11.0 

2.  Plainchip . 118  23.6  14.1 

3.  Plainchip . . 137  28.6  17.4 


The  with-machine  values  were  as 
much  as  1.85  times  as  great  as  the 
across-machine  values  for  the  various 
liner  b  o  a  r  d  s  tested.  For  the  filler 
sheets,  the  values  for  the  with-machine 
direction  were  as  much  as  1.67  times 
as  great  as  the  across-machine  direc¬ 
tion.  Typical  values  resulting  from  the 
strip-column  test  for  some  liner  boards, 
as  well  as  for  some  of  the  filler  sheets, 
are  shown  in  table  1 . 

Relation  of  Strip-column  Values 
to  Built-up  Board:  It  was  found  that 
the  single  strip-column  values  of  the 
component  sheets  could  be  added  to 
provide  a  composite  value  for  the 
built-up  board.  Although  these  com¬ 
posite  values  were  lower  in  most  in¬ 
stances,  they  correlated  well  with  the 
actual  crushing  loads  attained  for  sam¬ 
ples  of  the  built-up  board.  The  higher 
valuts  attained  for  the  built-up  board 
can  be  accounted  for  by  the  additional 
stiffness  resulting  from  the  adhesive 
used  on  the  components  of  the  built- 
up  board.  Also,  the  inner  sheets  of 
the  board  are  restrained  by  the  outer 
sheets  and  attain  higher  crushing  and 
buckling  values  than  when  tested 
without  support.  The  tests  of  the  built- 
up  board  consisted  of  strips  ^2  5 

inches  supported  in  the  same  edge 
clamps  that  were  used  for  the  strip 
column  and  arranged  to  provide  a  free 
column  of  Yg  inch  above  the  clamp. 
Test  values  for  the  built-up  board, 
individual  values  for  the  component 
paperboard  sheets,  and  composite 
values  obtained  by  adding  the  compo¬ 
nent  values  are  shown  in  table  2. 

After  this  relationship  between  tests 
of  the  components  and  tests  of  the 
built-up  board  was  established,  it  be¬ 
came  apparent  that  the  same  general 
scheme  could  be  used  to  calculate  the 
compressive  strength  of  a  structure 
fabricated  from  the  built-up  board  as 
had  been  developed  for  corrugated 


board,  provided  the  relationships  that 
had  been  established  for  corrugated 
board,  involving  size  and  shape  of 
cross  section  and  height  of  the  tube, 
were  the  same. 

Compression  Tests  of  Solid  Fiber- 
board  Cubical  Tubes:  Top-to-bottom 
compression  tests  were  made  on  cubical 
tubes  fabricated  in  the  Laboratory 
from  sheet  stock  obtained  from  sev¬ 
eral  commercial  box  plants.  The  tests 
included  sizes  of  4-,  6-,  8-,  12-,  16-, 
and  24-inch  cubical  tubes  with  the 
machine  direction  of  the  paperboard 
either  parallel  or  perpendicular  to  the 
applied  load.  The  results  of  these 
tests  on  solid  fiberboard  tubes  revealed 
that  the  same  relationships  between 
load  and  size  did  exist  that  had  been 
found  for  corrugated  board  in  previ¬ 
ous  studies.  The  buckling  curve  for 
cubical  corrugated  tubes  and  a  similar 
curve  for  cubical  solid  fiberboard  tubes 
are  shown  in  figure  3.  Although  the 
curves  converge  slightly  for  the  small 
sizes,  they  are  generally  the  same 
shape  and  slope.  The  slope  of  the 
curve  for  solid  fiberboard  tubes  was 
found  to  be  one-third,  the  same  as 
had  been  previously  calculated  for  cor¬ 
rugated  tubes.  Therefore,  the  same 
general  formula,  with  slight  modifica¬ 
tion,  could  be  used  for  calculating 
the  top-to-bottom  compressive  strength 
of  the  solid  fiberboard  tubes  and 
boxes. 

Modification  of  Formula  to  Ap¬ 
ply  to  Solid  Fiberboard:  The  for¬ 
mula  was  modified  by  including  a  fac¬ 
tor  representing  the  grain  direction  of 
the  fiberboard  with  respect  to  the  ap¬ 
plied  load  and  a  box  factor  in  the 
formula  for  P.  By  comparing  actual 
tube  and  box  loads,  the  box  factor 
was  found  to  be  0.70.  By  using  values 
from  the  strip-column  test  rather  than 
the  ring-crush  test  for  the  determina¬ 
tion  of  Px  quantities,  good  correlation 


Table  2 — TEST  VALUES  FOR  A  BUILT-UP  BOARD  AND  COMPONENT  SHEETS 


EdKewiso  crush  test  EdRPwise  crush  test 
of  components  of  built-up  hoard 


MatiTial  and  d<>8onption 

With 

Across 

With 

Across 

Lb./in. 

Lb./in. 

Lb./in. 

Lb./in. 

Linora 

1 .  Fourdrinipr  kraft .  . 

.  .  15.9 

9.8 

-  -  - 

...  - 

2.  Fourdrinier  kraft  .  .  .  - 

. .  15.3 

10.1 

.... 

.... 

Fillers 

1 .  Plain  chip  -  - 

.  22.9 

15.3 

...  - 

...  - 

2.  Plainchip...  . 

. .  28.5 

15.9 

Total  values . . .  .  .. 

.  82.6 

51.1 

98.0 

68.0 

was  found  between  actual  top-to- 
bottom  compressive  test  loads  and  cal¬ 
culated  loads  for  solid  fiberboard 
boxes  (table  3). 

Development  of  Duration-of-load 
Information  for  Solid  Fiberboartl 
Boxes:  It  had  been  known  that  fiber- 
board  boxes  cannot  be  expected  to 
support  a  stacking  load  equivalent  to 
the  load  attained  by  a  compression  te.st 
of  a  box  in  a  testing  machine.  In  pre 
vious  tests  of  corrugated  boxes  it  wjs 
found  that  dead  loads  that  approached 
the  static  compressive  strength  of  th  .‘ 
box  caused  failures  usually  withi  i 
minutes  (8),  while  dead  loads  o' 
about  60  percent  of  the  compressi\  j 
strength  caused  failure  in  about 
month.  From  tests  of  many  corn - 
gated  boxes,  conditioned  in  varioui 
atmospheres,  the  relationship  betwee  i 
the  machine  test  load,  dead  load  fij 
storage,  and  the  duration  of  load  w.k 
established  (fig.  4). 

Using  the  relationship  thus  estal 
lished,  duration-of-load  tests  wei 
made  with  solid  fiberboard  boxes,  an  ! 
the  failures  were  found  to  follow  tl  j 
same  trends  (table  4). 

As  it  had  been  calculated  that  i 
load  representing  50  percent  of  tl.^- 
machine  test  value  of  a  box  would 
cause  failure  in  about  300  days,  a  long 
duration  test  was  started  with  a  solid 
fiberboard  box  made  of  W5s  boardi. 
The  machine  test  load  attained  for 
similar  boxes  was  558  pounds.  Henti,, 
a  load  of  279  pounds  (50  percent) 
was  placed  on  the  box  September  2“', 
1952.  At  the  end  of  March  1953,  187 
days  had  elapsed  and  it  appeared  that 
the  box  would  sustain  the  load  for 
the  calculated  300  days. 

These  tests  indicate  that  the  curve 
shown  in  figure  4  may  be  used  to  de¬ 
termine  the  amount  of  dead  load  a 
box  can  be  expected  to  sustain  for 
specific  periods  of  time.  However, 
these  tests  were  conducted  with  boxes 
that  had  not  been  previously  rough 
handled  and  were  not  damaged.  Rough 
handling  prior  to  storage  will  reduce 
the  compressive  strength  of  the  box 
and  consequently  will  reduce  the 
duration  for  a  specific  load. 

Duration-of-load  Data  Applied  to 
Boxes  in  Actual  Storage  Conditions: 
The  duration-of-load  information  v  (S 
recently  applied  to  boxes  in  storage  n 
military  supply  depots.  A  survey  tf 
three  eastern  supply  depots  shov  J 
that,  without  exception,  when  i  e 
actual  load  on  the  boxes  in  stacks  i  x- 
ceeded  the  load  the  boxes  could  e 
expected  to  withstand  (based  on  <  1- 
culated  compressive  strength  vah  es 
and  a  specific  dead  load  for  a  defin  te 
duration),  failures  had  resulted.  C.  u- 
versely,  when  the  dead  loads  v  re 
within  the  reasonable  limits  of  the 
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,  data,  the  stacks  were  standing  and  no 
failures  were  apparent  or  imminent. 

In  the  early  part  of  the  investiga¬ 
tions,  slight  changes  in  the  moisture 
■  content  of  the  boxes  during  a  test 
were  found  to  reduce  the  duration, 
I  and  it  became  apparent  that  the  mois- 

i  ture  content  of  a  box  could  be  related 

1  to  its  compressive  strength. 

Relation  of  Moisture  Content  of 
Fiberboard  to  Compressive  Strength: 
From  tests  of  the  compressive  strength 
of  various  boxes  in  several  different 
atmospheres  in  conjunction  with  the 
duration-of-load  study,  it  was  found 
that  the  relationship  between  com¬ 
pressive  strength  of  the  box  and  mois¬ 


ture  content  of  the  fiberboard  could  be 
expressed  by  a  formula  (7).  This  for¬ 
mula  provides  a  convenient  means  of 
finding  the  compressive  strength  of  a 
box  at  any  moisture  content  when 
its  compressive  strength  is  known  for 
a  specific  moisture  content.  To  make 
it  easier  to  interpret  the  information, 
an  alinement  chart  was  constructed 
(fig-  5). 

This  chart  was  first  used  for  corru¬ 
gated  boxes,  but  was  found  to  apply 
to  boxes  made  from  solid  fiberboard, 
as  can  be  seen  by  comparing  the  actual 
test  values  with  the  calculated  loads, 
determined  with  the  chart,  shown  in 
table  5. 


Uses  for  the  Data:  The  data  de¬ 
veloped  as  a  result  of  the  basic  study 
of  fiberboard,  both  corrugated  and 
solid,  will  serve  several  purposes. 

First,  it  will  provide  a  basis  for 
charts  and  tables  for  use  in  preparing 
general  specifications  for  various  kinds 
of  fiber  boxes. 

Secondly,  having  been  applied  i^ 
the  Laboratory  to  commercially  made 
boxes,  the  information  will  provide  a 
means  of  checking  quality  control 
operations  in  commercial  box  manu¬ 
facturing  plants.  To  simplify  calcula¬ 
tions,  the  data  have  been  incorporated 
into  a  box  strength  calculator  {10) 
(fig.  6).  With  the  calculator,  the  top- 
to-bottom  compressive  strength  may 
be  determined  for  any  size  box  with 
various  combinations  of  components 
fabricated  into  either  corrugated  or 
solid  fiberboard.  Also,  the  stacking 
loads  for  specific  durations  can  be  de¬ 
termined,  as  well  as  the  compressive 
strength  values  for  various  moisture 
content  values  of  the  fiberboard. 

These  studies  should  also  stimulate 
further  basic  research  on  fiberboard 
boxc-s  and  extend  their  use. 
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Figure  5. — The  relationship  of  the  moisture  content  of  fiberboord 
and  compressive  strength  of  the  box  may  be  determined  when  the 
strength  is  known  for  one  moisture  content.  Here  it  may  be  seen 
that  o  box  having  o  compressive  strength  of  1,000  pounds  at  6 
percent  has  o  compressive  strength  of  less  than  450  pounds  when 
the  moisture  content  is  increased  to  1  8  percent. 


Figure  6. — This  box  strength  calculator  provides  on  easy  meonj 
of  determining  top-to-bottom  compressive  strength  of  corrugated  an>i 
solid  fiberboord  boxes.  The  influence  of  moisture  content  of  th 
fiberboord  and  duration  of  load  may  also  be  determined  by  simpi 
manipulations. 
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Discussion 

O.  T.  Siwcis  (Sears  Roebuck  and 
Company,  Chicago,  Illinois) :  What  is 
the  greatest  limiting  factor  in  the  use 
of  fiberboard  boxes? 

Mr.  Kellicutt:  The  relatively  low 
wet-strength  of  fiberboard.  Better  and 
cheaper  methods  need  to  be  developed 
to  make  fiberboard  water  resistant. 

/.  F.  Beckman  (Signode  Steel 
Strapping  Company,  New  Orleans, 
Louisiana) :  What  part,  if  any,  did 
steel  strapping  play  in  this  study? 

Mr.  Kellicutt:  The  influence  of 
strapping  has  not  been  incorporate  i 
into  this  study  as  yet. 

Mr.  Sands:  What  factors  in  fabrics' 
tion  are  responsible  for  panel  warpac 
in  corrugated  fiberboard? 

Mr.  Kellicutt:  Panel  warpage  is 
usually  traceable  to  unbalanced  coi.- 
struction  or  unbalanced  moisture  co.i- 
ditions  in  the  board. 

Mr.  /.  A.  Watkins  (Watkins  Par¬ 
ents,  Inc.,  New  Haven,  Connecticut  > : 
You  mentioned  the  difference  i 
values  obtained  in  the  strip-colun  i 
and  ring-crush  tests  between  the  wit  i 
-machine  and  the  across-machine  spes  i- 
f  Continued  on  page  224) 
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Jlesearch  and  Design  in  the  Packaging  Field 

.  JOHN  M.  LADD 

Manager,  Design  and  Testing  Laboratory,  General  Box  Co.,  Des  Plaines,  111. 


Importance  of  research  in  the  packaging  field  is  stressed  by  the 
fact  that  between  15—20  percent  of  the  total  production  of  lumber 
is  used  for  boxing  and  crating — much  of  it  in  the  lower  grades  other¬ 
wise  difficult  to  market.  In  addition,  approximately  25  percent  of  the 
total  paper  production  is  used  by  the  packaging  industry.  Crux  of 
the  packaging  research  problem  is  proper  protection  at  the  lowest 
possible  cost. 


The  scope  of  the  field  covered 
by  the  terms  "Packaging  and  Pack¬ 
ing”  is  tremendous,  and  the  research 
problems  connected  with  this  industry 
are  equally  broad.  The  industry  natur¬ 
ally  includes  manufacturers  of  con¬ 
tainers  of  all  types:  nailed  wood  boxes, 
plywood  boxes,  wirebound  boxes,  cor- 
nigated  cartons,  metal  drums,  bags, 
tubes,  bottles,  and  many  others,  each 
with  countless  variations.  In  addition, 
tapes,  glues,  preservatives,  desiccants, 
cushioning  materials,  plastics,  vapor 
barriers,  etc.,  are  all  important  in  the 
packaging  field  and  must  be  consid¬ 
ered.  , 

A  check  of  listings  in  a  Packing  and 
Shipping  Directory  revealed  over  500 
different  types  of  listings  for  manu¬ 
facturers  of  products  all  connected 
with  the  packaging  field.  Nearly  ev¬ 
eryone  of  the  many  companies  in  each 
of  these  branches  of  the  business  has 
an  active  research  department  trying 
to  improve  its  existing  products  and 
to  develop  new  ones.  Government, 
commercial,  and  Association  labora¬ 
tories  are  likewise  active.  Thus,  the 
accumulated  research  data  in  the  field 
would  fill  volumes,  much  of  which 
would  be  outdated  before  leaving  the 
printers  establishment. 

There  is,  however,  one  basic  objec¬ 
tive  behind  all  this  research,  which, 
simply  stated,  is  merely  to  produce 
containers  or  shipping  methods  which 
will  carry  products  to  their  destina¬ 
tion  safely  at  lowest  possible  cost. 
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Since  different  products  require  differ¬ 
ent  characteristics  in  containers,  much 
of  the  research  can  be  classified  more 
accurately  as  package  design  for  spe¬ 
cific  items.  In  this  phase  of  research, 
certain  tenets  are  applicable  regard¬ 
less  of  the  type  of  container,  a  fact 
that  will  be  stressed  in  a  discussion  of 
container  design  in  relation  to  the 
packaging  engineer. 

Examples 

The  manufacture  of  shipping  con¬ 
tainers  is  not  new  and  there  are  seldom 
any  sensational  or  revolutionary  de¬ 
velopments  to  report.  Most  research  is 
necessarily  devoted  to  improvements 
of  detail  or  the  adaptation  of  known 
principles  to  new  uses.  However,  nota¬ 
ble  improvements  can  be  brought  about 
by  research  in  packaging,  as  shown  by 
the  contrast  in  methods  of  preserva¬ 
tion  used  on  many  items  of  govern¬ 
ment  material  in  the  first  World  War, 
the  second  World  War,  and  at  the 
present  time.  During  the  first  war, 
items  were  either  left  unprotected  or 
coated  and  filled  with  grease,  which 
was  fairly  effective  but  extremely  diffi¬ 
cult  to  remove  in  the  field.  During  the 
last  war,  many  excellent  preservatives 
were  developed.  With  .specialization 
in  mind,  the  nature  of  the  product 
dictated  the  type  of  treatment  re¬ 
ceived.  One  of  these  treatments  left 
films  of  varying  degrees  of  hardness 
on  the  item,  and  in  turn  required  pro¬ 
tection  by  various  types  of  moisture- 
proof  and  grease-proof  papers.  Another 
method  employed  strippable  plastic 
coverings  applied  by  dipping.  More 
complicated  items  required  the  use  of 
vapor  barriers  in  conjunction  with 
desiccants  in  order  to  keep  all  mois¬ 
ture  from  the  product  in  the  so-called 
Method  2  pack. 


Application  of  these  methods  in 
World  War  2  soon  brought  to  a  mini¬ 
mum  the  terrific  loss  of  material 
through  corrosion,  which  had  previ¬ 
ously  been  experienced  by  the  armed 
forces  in  exporting  their  stocks  of 
supplies.  Today  many  additional  prod¬ 
ucts  are  available,  such  as  moldable 
aluminum  foil  and  improved  plastics. 
An  entirely  different  method  employs 
volatile  corrosion  inhibitors,  with  no 
preservatives  being  used  on  the  prod¬ 
uct  itself.  Protection  is  secured  through 
the  release  of  vapor  from  a  chemically 
treated  paper  in  which  the  item  is 
wrapped  or  with  which  the  shipping 
container  is  lined. 

An  example  of  current  research  not 
yet  completed  is  the  study  of  alumi¬ 
num  foil  lined  boxes  for  shipment  of 
citrus  fruits.  It  shows  promise  of  re¬ 
ducing  spoilage  and  of  increasing 
storage  possibilities  and  merits  con¬ 
tinued  study. 

A  still  different  type  of  develop¬ 
ment,  recently  publicized  by  the  North 
Atlantic  Lobster  Institute,  is  the  use 
of  a  dry  refrigerant  which  supplements 
a  specialized  container.  It  shows  prom¬ 
ise  of  improving  lobster  distribution 
to  distant  areas.  A  small  quantity  of 
water  ice  is  added  to  some  of  the  new 
dry  refrigerant  within  a  waterproof, 
heat-sealable  bag.  The  bag  is  placed 
on  top  of  the  live  lobsters  in  a  special 
corrugated  container  which  is  alumi¬ 
num  foil  coated  on  the  outside  and 
has  aluminium  foil  coated  insulation 
on  the  inside.  The  interaction  of  ice 
and  chemical  in  the  waterproof  bag 
produces  and  maintains  satisfactory 
conditions  inside  the  container  for  up 
to  44  hours. 

Another  new  product  currently  be¬ 
ing  discussed  is  that  of  "Tear  Strip 
(tartons”  in  which  a  narrow  strip  of 
filament  tape  is  attached  to  fibreboard 
carton  blanks,  permitting  opening  of 
the  carton  similar  to  a  package  of  life 
savers. 

Imagination  Important 

Our  own  company  experimented  for 
years  to  develop  a  satisfactory  wire- 
bound  tobacco  hogshead.  Success  was 
finally  achieved  and  hundreds  of  thou¬ 
sands  of  them  have  been  sold.  One  of 
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Figure  1. — Revolving  drum  subjects  all  ports  of  container  to  im-  Figure  2. — Incline-Impact  testing  device  similates  humping  of 

poet  and  is  means  of  comparing  different  types  of  containers  under  freight  cars  and  general  rough  handling, 

same  load. 


the  interesting  parts  of  the  story  was 
the  work  on  the  type  of  closure  in 
which  even  zippers  were  tried  on  this 
wood  container,  which  must  hold 
1,000  pounds  of  tobacco  packed  un¬ 
der  terrific  pressure.  Thus  imagination 
is  as  vital  to  research  in  packaging  as 
in  any  other  field. 

The  Consolidated  Freight  Classifica¬ 
tion  now  lists  over  1,000  special  pack¬ 
ages  in  addition  to  the  general  speci¬ 
fications  for  standard  type  containers. 
Each  of  these  was  developed,  through 
research  and  tests,  for  specific  items. 
Since  many  similar  principles  were 
considered  in  each  case  by  the  pack¬ 
aging  engineer  concerned,  these  prin¬ 
ciples  are  worthy  of  discussion  here. 

Package  Design 

The  design  of  shipping  containers 
is  not  as  precise  a  science  as  that  of 
bridge  engineering  or  building  de¬ 
sign,  but  there  are  many  parallels. 
Packaging  engineers,  like  architects, 
are  concerned  with  physics  formulas, 
with  stress,  strain,  vibration  frequen¬ 
cies  and  amplitude,  and  impact  forces. 
The  work  can  be  extremely  technical, 
but  it  should  be  quickly  added  that, 
although  there  are  many  technical  as¬ 
pects  to  consider  in  package  design, 
common  sense,  plus  years  of  practical 
experience,  are  equally  important. 
There  are  no  startling  principles  of 
packaging  engineering  which  can  be 
quickly  given  out  to  make  experts  of 
the  beginners — a  point  which  can  best 
be  illustrated  by  a  discussion  of  the 
many  things  which  an  industrial  pack¬ 
aging  laboratory  will  consider  and  do 
when  designing  a  shipping  container 
for  a  specific  item. 

Preliminary  Design  Factors 

The  initial  consideration  revolves 
about  four  factors  of  prime  impor¬ 


tance  in  package  design,  which  could 
be  listed  as  follows: 

1.  Adequate  product  protection. 

2.  Compliance  with  applicable  speci¬ 
fications. 

3.  Cost. 

4.  Conformance  with  handling  re¬ 
quirements. 

These  broad  divisions  may  be  discussed 
in  detail  to  illustrate  the  work  of  the 
packaging  laboratory  and  packaging 
engineer. 

Package  Testing 

It  goes  without  saying  that  a  pack¬ 
age  should  be  sufficiently  strong  and 
of  proper  design  to  carry  its  product 
through  normal  transportation  hazards 
and  deliver  it  to  destination  without 
damage.  Each  shipper  certainly  de¬ 
sires  this  and  intends  to  so  pack  his 
products.  Yet  the  railroads  alone  pay 
out  over  100  million  dollars  annually 
in  damage  claims,  much  of  which  is  a 
direct  result  of  faulty  packaging.  Ade¬ 
quacy  of  the  container  can  be  checked 
either  by  shipping  tests  or  by  pre¬ 
shipment  tests  conducted  in  a  labora¬ 
tory.  Extensive  shipping  tests  are  most 
conclusive,  but  because  they  are  ex¬ 
pensive  and  time-consuming,  and  may 
possibly  result  in  much  damaged  mer¬ 
chandise  before  faults  can  be  cor¬ 
rected,  many  engineers  work  with  lab¬ 
oratory  tests.  They  may  use  drop  tests 
wherein  controlled  falls  are  given  to 
corners,  edges,  or  faces  of  the  con¬ 
tainer  from  varying  heights.  They  may 
use  tests  in  which  the  package  is  sub¬ 
jected  to  rough  treatment  in  the  re¬ 
volving  drum  illustrated  in  Figure  1. 
In  this  machine,  scientifically  placed 
hazards  will  assure  that  all  segments 
of  the  container  are  subjected  to  im¬ 
pact.  This  is  an  excellent  method  of 
comparing  the  protection  offered  by 


two  different  types  of  containers  wh<  i 
tested  with  the  same  load. 

Another  important  method  of  tes  - 
ing  makes  use  of  the  Incline-Impa,  t 
Testing  Device,  illustrated  in  Figure  r*. 
In  this  test,  the  package  is  placed  (.a 
a  dolly  which  runs  down  a  track  in¬ 
clined  at  10°  until  it  strikes  a  solid 
barrier.  Both  faces  and  edges  of  tlie 
container  may  be  subjected  to  these 
impacts,  which  are  intended  to  simu¬ 
late  the  humping  of  freight  cars  and 
the  general  rough  handling  received 
in  transit. 

Vibration  tests  are  conducted  on 
shaking  machines  that  can  soon  wreck 
either  a  poorly  packed  item  or  a  poorly 
made  item.  This  test,  of  course,  is  simi¬ 
lar  to  the  vibration  encountered  dur¬ 
ing  shipment  but  is  highly  intensified 
to  speed  up  action  and  point  out  pos¬ 
sible  weaknesses  in  either  the  con¬ 
tainer  or  the  product.  A  package  under 
such  test  is  shown  in  Figure  3.  Com¬ 
pression  tests,  either  flat,  diagonal 
edge-to-edge,  or  diagonal  corner-to- 
corner  are  used  to  check  stacking 
strength  or  resistance  to  distortion  of 
various  panels  of  the  container.  Tins 
test  is  shown  in  Figure  4.  These  tests 
are  most  frequently  used  for  a  fabri¬ 
cated  container  packed  with  the  prod¬ 
uct  to  be  carried.  Equally  important 
are  tests  conducted  on  the  component 
parts  on  the  container,  particularly  t  r 
corrugated  types.  Included  are  MulK  n 
or  Cady  tests,  ring  crush  tests,  i  t 
crush  tests,  puncture  tests,  tearing  tc  's 
and  many  others,  which  should  be  cc  - 
ducted  under  controlled  conditions  f 
temperature  and  humidity  as  illi  - 
trated  in  Figure  5.  Testing  can  ran  e 
from  rolling  a  package  down  a  fli^  it 
of  stairs  to  highly  scientific  stud  s 
with  G-meters,  accelerometers,  osi  1- 
lographs,  and  amplifiers  as  used  >y 
railroads  and  government  agencies.  ii>- 
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Costs 

Costs  are  always  important,  but  they 
are  emphasized  to  the  point  where 
safety  may  be  endangered.  Being  over¬ 
head,  shippers  are  usually  fighting  to 
save  pennies  in  package  cost,  which  is 
what  makes  package  engineering  the 
science  it  is.  It  would  be  easy  to  pack 
most  items  so  that  damage  would  be 
negligible,  but  to  do  so  at  minimum 
cost  is  another  matter.  It  requires  con¬ 
sideration  of  the  type  of  container  best 
suited  for  the  particular  item,  as  for 
instance,  whether  it  should  be  an  open 
crate  or  closed  package.  There  are  usu¬ 
ally  alternate  types  of  containers  to 
consider  for  each  packaging  problem. 
Size  and  the  shape  of  the  container 
also  affect  its  cost  and  its  resistance  to 
rough  handling.  For  example,  a  cubical 
package  generally  offers  greatest  re¬ 
sistance  to  rough  handling,  but  may 
not  be  cheapest.  Actually  the  impor¬ 
tant  cost  figure  is  that  of  the  packed 
item  delivered  to  the  eventual  con¬ 
sumer  and  it  includes  the  following 
items: 

1.  Initial  package  cost. 

2.  Package  storage  cost. 

3.  Empty  package  handling  cost. 

4.  Package  assembly. 

5.  Packing  time  required. 

6.  Closing  of  container. 

7.  Handling  of  the  packed  con¬ 
tainer. 

8.  Transportation  charges  on  tare 
weight  of  package. 

9.  Unpacking  costs. 

10.  Salvage  or  reuse  value. 

All  these  facts  must  be  properly 
weighed  and  considered  in  arriving  at 
the  final  cost  figures,  and  the  package 
that  the  salesman  offers  for  Si. 99  may 
cost  more  in  the  long  run  than  the 
one  selling  for  $2.33.  A  good  cost 
analysis  requires  a  lot  of  work,  but 
can  really  pay  off. 

Handling  Requirements 

Handling  requirements  are  very  im¬ 
portant  both  from  the  cost  picture 
and  because  they  often  actually  deter¬ 
mine  the  package  design.  Conveyor 


Figure  4. — Various  compression  tests  ore 
mode  on  this  machine. 


Figure  3. — Intensified  vibration  such  os 
encountered  during  shipment  is  simulated 
here. 


lines  present  problems  that  differ  from 
those  found  with  spot  or  table  pack¬ 
ing.  Space  available  must  be  consid¬ 
ered.  Men  and  equipment  required 
also  are  important.  Consideration  also 
must  be  given  to  the  handling  to  be 
expected  after  shipment  is  started. 
Will  shipment  be  on  company  owned 
trucks  or  by  common  carrier.^  Will 
shipment  be  to  distributors  with  sub¬ 
sequent  break-down  of  package  and 
reshipment  to  consumer,  or  will  it  in¬ 
volve  export  shipment?  Each  type  of 
shipment  implies  different  handling 
and  a  variation  of  the  hazards  apt  to 
be  encountered  and  for  which  protec¬ 
tion  must  be  provided.  Some  of  these 
hazards  to  think  about: 

1.  Shocks,  drops,  or  blows  due  to 
rough  handling. 

2.  Crushing  by  applied  stacking 
loads. 

3.  Puncture  by  sharp  objects. 

4.  Moisture  due  to  the  elements,  or 
dampness  from  high  humidity. 

5.  Vibration  in  transit. 


telligent  use  of  such  tests  can  point 
out  possible  weaknesses  in  either  the 
product  or  the  container  and  permit 
correction  before  mass  shipments  start. 

The  A.S.T.M.  has  established  stand¬ 
ard  methods  of  conducting  these  tests, 
although  performance  standards  are 
yet  to  be  suggested.  One  of  the  first 
attempts  to  standardize  on  perform¬ 
ance  requirements  was  made  by  the 
National  Safe  Transit  Committee,  un¬ 
der  sponsorship  of  the  Porcelain 
Enamel  Institute.  The  committee,  com¬ 
posed  of  members  selected  from  ship¬ 
pers,  carriers,  and  container  manufac¬ 
turers,  after  a  thorough  study,  estab¬ 
lished  a  pre-shipment  test  series  which 
required  a  vibration  period  of  one 
hour  on  a  shaker  set  to  produce  de¬ 
celeration  of  not  less  than  one  G,  fol¬ 
lowed  either  by  a  series  of  drops,  or 
by  a  cycle  of  blows  on  an  incline  im¬ 
pact  testing  device  sufficiently  severe 
to  produce  fifth  zone  shocks  as  meas¬ 
ured  by  a  ride  recorder.  The  test  is 
very  severe  and  experience  has  proved 
that  items  which  pass  it  safely  can  be 
shipped  with  minimum  damage. 

Specifications 

(Compliance  with  specifications,  e.g. 
with  requirements  of  the  railroad  and 
motor  freight  classifications  for  the 
product  packed,  are  important  to  avoid 
rate  penalties.  There  are  also  definite 
pai^king  specifications  for  the  trans¬ 
portation  of  dangerous  articles  under 
I(.(C  regulations.  Neglect  of  any  such 
specifications  by  a  packing  engineer 
■  m  .V  result  in  heavy  penalties  or  in 
ri:  ction  of  boxes.  If  a  government 
or  :cr  is  involved,  the  packing  section 
ot  'he  contract  covering  the  item  must 
be  ihoroughly  checked.  It  will  prob- 
ab'  require  that  the  package  comply 
n  a  government  container  speci- 


Design 

We  have  considered  many  factors 
affecting  design,  but  have  said  lit¬ 
tle  about  design  itself.  Design  is 
where  experience  and  common  sense 
come  to  play,  since  each  item  presents 
its  own  peculiar  problems.The  strength 
required  in  a  package  is  dependent 
upon  the  weight,  size,  and  type  of 
load  carried.  Easy  loads  and  bulk 
loads  require  designs  complying  with 
the  strength  requirements  of  industry 
specifications  according  to  weight  and 
size.  Type  3  loads  require  in  addition 
secure  anchorage  of  the  item  within 
the  crate  either  by  bolting,  blocking, 
strapping,  cushioning  or  suspension. 
In  many  package  engineering  labora¬ 
tories,  containers  are  designed  to  carry 
items  ranging  from  a  two  pound  neon 


Figure  5. — Other  tests  ore  conducted  in 
this  room  under  controlled  temperature  and 
humidity  conditions. 


sign  to  a  2000  pound  machine.  The 
only  thing  such  products  have  in  com¬ 
mon  is  that  they  all  may  be  treated 
roughly  and  carried  on  any  face  de¬ 
spite  all  labels  and  warnings  to  the 
contrary.  It’s  up  to  the  packaging  man 
to  design  the  container  accordingly. 
Product  engineers  occasionally  design 
items  that  perform  perfectly  once  in 
use,  but  they  may  neglect  to  take  ship¬ 
ping  into  consideration.  Thus,  some¬ 
times  the  package  engineer  may  sug¬ 
gest  a  minor  and  inexpensive  change 
in  the  product  to  make  it  far  easier 
and  cheaper  to  ship. 

There  are  other  phases  of  package 
engineering  and  this  has  only  high¬ 
lighted  some  of  the  problems  consid¬ 
ered.  There  are  many  publications  on 
packaging,  but  the  questions  that  come 
up  in  the  work  can’t  all  be  answered 
from  textbooks.  On  the  other  hand, 
like  items  require  similar  treatment, 
and  past  experience  will  often  provide 
the  answer. 

Research  in  this  packaging  field  is 
important  to  the  Forest  Products  In¬ 
dustry  and  to  this  Society.  Between  15 
and  20  percent  of  the  total  production 
of  lumber  is  used  for  boxing  and  crat¬ 
ing,  much  of  this  in  the  lower  grades 
otherwise  difficult  to  market.  Like¬ 
wise,  approximately  25  percent  of  the 
total  production  of  paper  is  used  in 
the  packaging  industry.  Thus,  it  is  an 
important  market  for  the  Forest  Prod¬ 
ucts  Industry,  but  it  is  one  that  is 
somewhat  vulnerable.  Other  industries 
are  constantly  seeking  substitute  mate¬ 
rials  for  these  wood  products.  Any  re¬ 
search  leading  to  more  efficient  utili¬ 
zation  and  to  better  products  either  by 
the  container  manufacturer  or  by  the 
raw  material  supplier  helps  to  stave 
off  substitute  materials  and  preserve 
this  important  market.  Packaging  is 
now  considered  to  be  a  $9,000,000,000 
a  year  industry,  and  proper  design  can 
save  tremendous  sums  both  in  package 
costs  and  in  damage  claim  reduction. 
Fortunately,  this  fact  is  being  given 
more  consideration  each  year  and  the 
work  of  industrial  packaging  engi¬ 
neers  along  with  general  research  in 
this  field  is  constantly  being  given  in¬ 
creased  recognition  and  support.  This 
is  exemplified  by  this  program  itself 
as  a  relatively  new  field  for  your  So¬ 


ciety,  and  it  is  a  pleasure  to  take  part 
in  it. 


Discussion 

C.  /.  Menkick  (Motorola,  Inc., 
Chicago,  Illinois) :  Is  the  packaging 
research  you  refer  to,  designed  to 
reduce  the  cost  of  packaging,  or  is  it 
geared  primarily  to  reduce  damage? 

Mr.  Ladd:  Both,  with  neither 
taking  precedence.  The  objective  of 
j5ackaging  research  is  to  develop  in¬ 
formation  that  will  make  it  possible 
to  design  packages  that  will  get  the 
merchandise  packed  to  the  consumer 
at  the  lowest  possible  cost  and  with  a 
minimum  of  damage.  The  point  of 
most  favorable  balance  between  pack¬ 
aging  cost  and  damage  incurred  de¬ 
pends,  of  course,  upon  the  type  of 
merchandise  packed. 

A.  J.  Panshin  (Forest  Products  De¬ 
partment,  Michigan  State  College, 
East  Lansing,  Michigan) :  Is  furniture 
included  in  the  packaging  standards 
of  the  National  Safe  Transit  Com¬ 
mittee? 

Mr.  Ladd:  The  National  Safe 
Transit  Committee  was  first  sponsored 
by  the  Porcelain  Enamel  Institute. 
Their  activities  have  been  expanded 
to  include  other  commodities  but  to 
the  best  of  my  knowledge  Television 
sets  are  the  only  furniture  type  ar¬ 
ticles  that  come  under  their  present 
program. 

Earl  R.  Stivers  (Packaging  Research 
Laboratory,  Rockaway,  New  Jersey) : 
You  have  discussed  several  types  of 
container  testing  methods  or  proce¬ 
dures.  Do  such  things  as  the  type, 
shape  and  loaded  weight  of  the  con¬ 
tainer  affect  the  selection  of  the  test 
procedure  to  use? 

Air.  Ladd:  Yes.  Very  seldom,  if 
ever,  are  all  of  the  container  tests  used 
to  evaluate  at  given  container  or 
packaging  method.  Rather,  the  test  or 
tests  to  be  used  will  be  selected  on  the 
basis  of  such  considerations  as  ex¬ 
pected  destination  of  the  container 
and  contents,  type  of  handling  and 
exposure  anticipated,  nature  of  the 
contents  and  the  size,  shape  and 
weight  of  the  container  and  contents. 

IF.  /.  Dunn  (Winnebago  Cabinet 
Company,  Rockford,  Illinois) :  How 
does  the  7  million  dollar  damage  loss 


resulting  from  the  shipment  of  furni¬ 
ture  compare  to  that  sustained  by 
other  commodities?  Why  is  the  furni¬ 
ture  loss  so  high? 

Mr.  Ladd:  The  7  million  dollar 
furniture  damage  is  the  fourth  high¬ 
est  in  the  country.  The  three  classes 
of  freight  that  exceed  this  loss  include 
perishables  such  as  food. 

Furniture  damage  is  high  compared 
to  that  incurred  in  the  shipment  oi 
other  durable  goods  because  such 
damage  as  a  scratch  that  would  be 
relatively  insignficant  on  other  good' 
is  a  severe  defect  on  a  highly  polished 
wood  surface.  These  surfaces  could 
be,  and  often  are,  adequately  pro 
tected  but  the  packaging  of  furnitun 
is  highly  competitive  and  adequate 
protection  is  often  sacrificed  in  favo 
of  reduced  packaging  costs. 

/.  R.  Watkins  (Watkins  Patents 
Inc.,  New  Haven,  Connecticut) :  Ha 
there  been  an  improvement  in  damag 
to  furniture  since  the  adoption  o 
definite  container  specifications  by  th 
railroads? 

Mr.  Ladd:  I  believe  the  packagin  g 
requirements  included  in  the  Freight 
Classifications  are  considered  to  h 
quite  effective.  It  is  extremely  difti 
cult,  however,  to  develop  general 
packaging  specifications  that  will  ap 
ply  to  a  wide  variety  of  packaging 
requirements  and  still  give  good 
results  in  every  instance. 

Mr.  Stivers:  Have  the  loss  and 
damage  claims  for  furniture  increased 
with  the  wide  spread  increase  in  the 
use  of  fiberboard  by  this  industry? 

Air.  Ladd:  That  is  an  interesting 
question,  but  I  am  unable  to  answer 
it.  Would  anyone  here  care  to  answer 
or  comment  in  this  regard?  (No  com¬ 
ments) 

Lee  Moffett  (Tarter,  Webster  & 
Johnson,  Inc.,  Stockton,  California) : 
What  are  the  principal  features  of 
steel  drum  packaging  that  make  it 
preferable  to  nailed  wood  crates  for 
packaging  aircraft  engines? 

Mr.  Ladd:  Under  present  condi¬ 
tions  the  steel  drum  is  a  heavier  con¬ 
tainer  but  is  more  easily  used  to  afford 
Method  II  protection  to  the  content  . 
Adequate  research  in  this  field  might 
change  this  situation. 
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Wood  Fiber  Felts  for  Protective  Packaging 

E.  O.  LIEBERG  ' 

Manager,  Industrial  Sales  Engineering  Dept.,  Wood  Conversion  Co.,  Cloquet,  Minnesota 


The  basic  requirements  of  protective  cushioning  materials  are 
outlined  with  a  description  of  a  felt  type  material  mamjfactured 
from  refined  wood  fibers  and  various  binders.  Basic  data  relating  to 
the  compression  properties,  resiliency,  abrasion  characteristics,  stain¬ 
ing  characteristics,  moisture  absorption  and  thermal  conductivity  are 
given  for  the  wood  fiber  felts  as  a  means  of  showing  how  these 
materials  are  adaptable  to  protective  cushioning. 


OUR  PRESliNT  STANDARD  of  living 
is  based  on  a  great  variety  of 
materials  and  products  whose  distribu¬ 
tion  is  directly  dependent  on  packag¬ 
ing  and  handling  methods  which  de¬ 
liver  these  materials  and  products  to 
the  end  user  undamaged.  Both  pack¬ 
aging  and  materials  handling  methods 
became  vitally  important  during  World 
War  II  when  we  were  faced  with  the 
problem  of  supplying  military  forces 
scattered  over  the  globe  with  the  mod¬ 
ern  equipment  and  materials  they 
needed.  Increasing  emphasis  was  put 
on  packaging  procedures  and  the  study 
of  packaging  materials  not  only  by 
the  government  but  also  by  many  of 
our  large  industrial  organizations. 
While  wartime  packaging  might  be 
done  with  little  regard  to  cost,  the 
eventual  application  of  protective  pack¬ 
aging  must  be  based  on  adequate  pro¬ 
tection  for  the  least  possible  cost.  The 
overall  problem  involves  the  coordi¬ 
nated  application  of  many  types  of 
items  such  as  crates,  cartons,  wrap¬ 
pings,  labels,  tape,  and  protective 
cushioning  which  might  be  used  singly 
or  together  for  protection  of  a  specific 
item. 

There  is  a  large  group  of  materials 
which  qualifies  as  protective  cushion¬ 
ing  materials  including  nearly  all  of 
tie  pad  type  products  such  as  the 
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rubber  products  and  rubberized  fibers, 
many  types  of  hair,  wool,  and  cotton 
felts,  and  a  large  number  of  con¬ 
verted  wood  products  including  vari¬ 
ous  forms  of  paper  and  excelsior.  This 
paper  deals  with  one  specific  product 
of  the  last  group,  namely,  the  wood 
fiber  felts. 

In  many  cases  materials  which  were 
developed  originally  for  other  uses 
have  been  found  to  have  properties 
which  could  advantageously  be  used 
in  packaging  either  in  their  original 
form  or  in  some  modified  form.  Such 
is  the  case  of  the  wood  fiber  felts. 
While  their  original  form  was  aimed 
at  thermal  insulation,  their  compres¬ 
sive  characteristics  indicated  applica¬ 
tions  in  the  protective  cushioning  field. 
With  certain  modifications  they  have 
become  a  very  versatile  protective 
cushioning  material. 

Requirements  of  a  Protective 
Cushion 

Protective  cushioning  materials  as 
used  by  the  modern  packaging  engi- 
’neer  may  serve  several  purposes  in  a 


single  application.  For  broad  usage  in 
package  application  protective  cushion¬ 
ing  materials  must  offer  a  wide  variety 
of  properties  as  described  in  the  fol¬ 
lowing  paragraphs. 

1.  Shock  and  Vibration  Protec¬ 
tion:  Basically  a  protective  cushion¬ 
ing  material  is  thought  of  as  a  mate¬ 
rial,  capable  of  absorbing  forces  due 
to  shock  and  vibration.  During  the 
handling  and  shipping  of  any  item  it 
is  subjected  to  many  conditions  which 
develop  shock  or  vibratory  forces  such 
as  packages  falling,  rough  roads  dur¬ 
ing  truck  shipment,  and  normal  trans¬ 
portation  vibrations.  All  of  these  are 
cases  in  which  an  outside  condition 
has  put  the  shipped  item  in  an  accel¬ 
erated  motion  which  must  be  stopped 
in  a  relatively  short  space.  Protective 
cushioning  materials  are  a  means  of 
controlling  the  maximum  deceleration 
in  bringing  these  shipped  items  to 
rest.  The  compression  of  a  protective 
cushioning  material  under  an  item 
which  is  dropped  to  a  solid  base  slows 
the  process  of  coming  to  rest  and  ab¬ 
sorbs  some  of  the  force  which  has 
been  generated  due  to  the  motion  of 
falling.  The  variety  of  sizes,  shapes, 
weights,  and  degrees  of  fragility  found 
in  items  requiring  this  type  of  protec¬ 
tion  combine  to  make  an  almost  infi¬ 
nite  number  of  economical  cushioning 
requirements  relating  to  protective 
cushion  thickness  and  shock  absorbent 
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characteristics.  Add  to  this  the  various 
conditions  of  handling  and  shipping, 
which  actually  vary  from  movement 
by  rubber-tired  carts  on  smooth  floors 
to  drop  deliveries  from  airplanes,  and 
you  have  some  idea  of  the  scope  of 
application  necessary  in  this  require¬ 
ment  alone. 

2.  Surface  Protection:  A  protec¬ 
tive  cushioning  material  is  often  placed 
next  to  a  highly  finished  surface  and 
must  therefore  be  of  such  a  nature 
that  it  does  not  stain,  mar,  ar  abrade 
the  surface.  In  many  cases,  protection 
against  staining,  marring  and  abrasion 
is  a  primary  function  of  a  protective 
cushioning  material  and  it  must  have 
a  ruggedness  which  will  withstand 
the  action  of  surrounding  materials. 

3.  Neutral  and  Non-Corrosive: 
The  shipment  of  metals  adds  another 
requirement  for  protective  cushioning 
materials.  Any  material  that  is  exposed 
to  bare  metal  surfaces,  particularly 
highly  finished  surfaces,  must  be  fela- 
tively  neutral  and  non-corrosive. 

4.  Controlled  Absorption:  While 
general  shipping  does  not  have  spe¬ 
cial  requirements  regarding  moisture 
absorption,  under  special  conditions 
either  high,  rapid  absorption  or  low 
absorption  are  necessary.  Liquids  in 
shipment  require  a  protective  cushion¬ 
ing  material  which  will  absorb  very 
rapidly  any  possible  leakage  and  thus 
offer  protection  to  the  rest  of  the  ship¬ 
ment.  The  opposite  is  true  of  solid 
object  shipments  which  might  be  sub¬ 
jected  to  high  moisture  conditions. 
Here  a  protective  cushion  must  resist 
absorption  to  maintain  its  efficiency 
and  to  assist  in  the  prevention  of  cor¬ 
rosion.  Another  special  case  requires 
that  the  protective  cushion  retain  a 
quantity  of  moisture  which  it  gives  up 
gradually  during  the  shipment  of  cer¬ 
tain  vegetables  such  as  asparagus  and 
celery  to  retain  their  freshness. 

5.  Thermal  Insulation:  The  han¬ 
dling  and  shipment  of  materials  such 
as  liquids  and  perishables  which  are 
affected  by  temperature  require  pro¬ 
tection  against  outside  temperature 
conditions.  It  is  therefore  convenient 
to  use  a  protective  cushion  which  is  a 
good  thermal  insulator. 

By  taking  advantage  of  protective 
cushioning  materials  which  have  many 
of  these  requirements  the  packaging 
engineer  is  able  to  do  several  jobs 
with  one  material,  showing  a  savings 
in  material  costs,  handling,  and  ship¬ 
ping  weights. 

Wood  Fiber  Felts 

Most  of  the  protective  cushioning 
materials  are  based  on  some  type  of 
fibrous  material,  either  animal  or  vege¬ 
table.  One  of  the  most  plentiful  and 


economical  is,  of  course,  wood  fiber  in 
its  various  forms.  This  paper  is  con¬ 
fined  to  a  discussion  of  a  felt  type 
material  which  uses  wood  fibers  in 
the  refined  state  of  sulphite  pulp  as  a 
base  material.  The  sulphite  fibers  when 
separated  to  a  state  of  nearly  indi¬ 
vidual  fibers  are  regrouped  and  formed 
into  a  felted  mass  using  a  binder  for 
adhesion. 

The  resultant  homogeneous  product 
is  off-white  in  color  with  a  smooth 
felt-like  nature. 

The  manufacturing  process  for 
such  a  material  offers  adequate  pro¬ 
vision  for  accurate  control  of  a  variety 
of  densities  and  thickness.  Standard 
wood  fiber  felts  are  available  in  four 
densities  II/2.  2,  3,  and  4  pounds  per 
cubic  foot.  In  addition,  standard  single 
thickness  of  l^",  1/^",  Vz",  1", 
U/2"»  and  2"  are  available.  The  stand¬ 
ard  binder  may  be  modified  with  ad¬ 
ditives  which  control  the  absorbent 
characteristics  of  the  end  product  or 
make  it  fire  retardant.  Since  this  is  a 
homogeneous  material,  the  change  in 
binder  affects  all  the  material — not 
just  the  surfaces. 

Further  variation  is  possible  through 
various  surface  treatments.  The  appli¬ 
cation  of  various  papers,  foils,  scrim 
or  cottonet  to  the  surfaces  gives  added 
surface  toughness  and  special  proper¬ 
ties  required  in  some  applications.  A 
large  variety  of  surface  coatings  are 
available  which  help  develop  certain 
other  special  surface  characteristics. 

We  will  now  examine  separately 
each  of  the  requirements  of  a  protec¬ 
tive  cushioning  material  with  reference 
to  how  the  wood  fiber  felts  meet  these 
requirements. 

Requirements  of  Cushioning 
Material 

1.  Shock  and  Vibration  Protec¬ 
tion:  The  shock  protection  afforded 
by  protective  cushioning  materials  is 
based  on  the  ability  of  the  protective 
cushion  to  absorb  compressive  force. 


An  object  dropped  from  a  given 
height  develops  a  definite  amount  of 
velocity.  It  is  the  job  of  the  protective 
cushion  to  regulate  the  maximum  pos¬ 
sible  change  in  velocity  (deceleration") 
when  the  package  is  brought  to  rest. 
For  example,  an  instrument  box  is 
placed  in  a  carton  which  has  a  two 
inch  protective  cushion  for  a  linei. 
This  assembled  unit  is  dropped  from 
a  height  of  30"  on  a  concrete  floo;. 
This  whole  unit  has  attained  a  spec  ! 
of  S.'S  miles  per  hour  at  the  poii  t 
where  it  met  the  concrete  floor,  acco ris¬ 
ing  to  the  laws  of  Galileo  and  Nev  - 
ton.  At  this  point  the  carton  stoi  s 
abruptly  but  the  instrument  box  con  ¬ 
tinues  to  move  by  compressing  tl  0 
protective  cushioning  material  whi:  .1 
gradually  brings  the  instrument  b  x 
to  rest. 

It  is  possible  to  calculate  the  thic  - 
ness  of  protective  cushioning  requir  J 
from  data  available  in  static  deflectii  1 
curves  of  the  protective  cushionii  ^ 
material,  provided  the  fragility  of  t'le 
item  to  be  shipped  is  known  and  tt  c 
maximum  shipping  conditions 
known.  The  fragility  of  an  item 
generally  specified  as  maximum  acctl- 
eration  or  deceleration  which  the  itc  n 
can  safely  stand.  Knowing  the  maxi¬ 
mum  height  of  drop,  weight  of  ti  e 
item,  size  and  shape  of  the  item,  ar.1 
maximum  deceleration  which  it  will 
stand  a  maximum  unit  load  as  applied 
to  the  protective  cushion  can  be  calcu¬ 
lated.  With  this  figure  a  cushioning 
material  can  be  selected  from  the  static 
deflection  curves  which  show  compres¬ 
sion  per  unit  load  and  the  required 
thickness  can  be  calculated  using  pro¬ 
tective  cushion  efficiency  and  maxi¬ 
mum  deflection  from  the  curve  and 
the  height  of  drop  and  fragility  already 
referred  to.  There  are  actually  several 
variations  in  the  details  of  the  calcu¬ 
lations  mentioned;  however,  since  it 
is  a  complex  subject  within  itself,  we 
will  not  attempt  to  go  into  the  details 
in  this  paper. 
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ring  from  pressures  of  other  items 
which  may  be  brought  to  bear  on  the 
surface  area. 

The  application  of  the  wood  fiber 
felts  for  surface  protection  generally 
makes  use  of  some  form  of  liner.  The 
bare  felt  surface  is  always  applied  next 
to  the  surface  requiring  protection,  but 
the  use  of  paper,  scrim,  or  cottonet  on 
the  outer  surface  toughens  this  surface 
and  adds  tensile  strength  for  applica¬ 
tion  purposes.  Typical  applications  are 
shown  in  figures  4  and  5.  Figure  4  is 
a  standard  furniture  wrap  using  a 
wood  fiber  felt  with  kraft  paper  back¬ 
ing.  Figure  5  is  an  approved  method 
of  shipping  aluminum  canoes  using  a 
1/2"  wood  fiber  felt  with  cottonet 
surface. 

3.  Neutral  and  Non-Corrosive: 
The  white  finishes  used  on  appliances 
form  the  basis  for  a  test  on  staining 
characteristics.  Both  laboratory  tests 
and  actual  use  have  shown  no  stain  on 
these  surfaces.  The  effect  of  felts  on 
bare  metal  surfaces  is  minimized  by 
maintaining  a  neutral  pH  between  6 
and  8  on  one  type.  Figure  6  shows 
pressure  point  padding  on  a  highly 
finished  metal  surface. 

4.  Controlled  Absorption:  There 
are  two  extremes  relative  to  absorption 
requirements  of  packaging  materials. 
The  standard  wood  fiber  felt  material 
which  is  adequate  for  general  packag¬ 
ing  purposes  may  be  modified  by 
binder  additives  to  meet  the  require¬ 
ments  of  high  rapid  absorption  or  re¬ 
sistance  to  absorption.  Both  of  these 
requirements  are  established  in  Fed¬ 
eral  Specification  UU-C-843,  "Cush¬ 
ioning  Materials,  Cellulosic”. 

The  non-absorption  requirement  is 
used  in  the  shipment  of  materials  sub¬ 
jected  to  high  moisture  conditions  and 
where  corrosion  might  be  increased 
through  the  absorption  of  moisture. 
All  of  the  vegetable  fiber  materials 
tend  to  lose  resilience  under  condi¬ 
tions  where  they  absorb  moisture.  The 
non-absorbent  treatment  greatly  mini- 
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Examination  of  figure  1,  the  static 
deflection  curves  for  the  wood  fiber 
felts,  shows  a  rather  wide  range  of 
unit  loads  which  can  be  handled  by 
the  four  standard  densities  of  this 
material.  Assuming  maximum  com¬ 
pression  to  25%  of  the  original  wood 
fiber  felt  thickness,  these  materials  will 
handle  unit  loads  up  to  39  pounds  per 
square  inch.  Most  efficient  use  can  be 
made  of  these  materials  by  using  lt/2 
pound  density  from  0  to  5  pounds  per 
square  inch  maximum  unit  load,  two 
pound  density  from  5  to  10  pounds 
per  square  inch  maximum  unit  load, 
3  pound  density  from  10  to  22  pounds 
per  square  inch  maximum  unit  load, 
and  four  pound  density  from  22  to  39 
pounds  per  square  inch  maximum  unit 
load.  Since  the  wood  fiber  felts  are 
homogeneous  in  nature  they  offer  con¬ 
sistent  performance  in  each  thickness. 
Their  performance  is  also  unaffected 


by  temperatures  normally  encountered 
under  handling  and  shipping  condi¬ 
tions. 

A  second  factor  has  an  effect  on  the 
efficiency  of  shock  and  vibration  ab¬ 
sorption.  A  material  must  have  a  rela¬ 
tively  high  resilience  to  offer  protec¬ 
tion  for  a  series  of  shock  loads  as  is 
found  in  most  handling  and  shipping 
conditions.  Figure  2  is  a  curve  siiow- 
ing  percent  recovery  of  various  densi¬ 
ties  based  on  a  test  compressing  a 
sample  to  one  third  its  original  thick¬ 
ness  where  it  is  held  for  one  minute 
and  released.  The  final  thickness  is 
measured  one  minute  after  release  and 
stated  as  a  percentage  of  the  original 
thickness.  The  83  to  90  percent  return 
as  indicated  is  considered  good  for 
the  cellulosic  group  of  materials.  Fig¬ 
ure  3  indicates  another  interesting  re¬ 
silient  property,  that  of  return  under 
conditions  of  repeated  impact.  Because 
most  packaging  applications  eventually 
involve  a  series  of  shocks,  it  is  impor¬ 
tant  to  know  when  most  of  the  "set” 
in  a  cushion  is  established.  As  figure  3 
shows,  this  curve  straightens  out  with 
very  little  loss  on  compressions  above 
number  10. 

2.  Surface  Protection:  In  addition 
to  protection  against  shock  and  vibra¬ 
tory  forces,  many  products  require  a 
protection  against  abrasion,  marring  or 
staining  of  finely  finished  surfaces. 
This  is  particularly  true  of  finely  fin¬ 
ished  furniture,  appliances,  machined 
parts,  or  soft  sheet  metal  surfaces. 

The  fibrous  content  of  wood  fiber 
felts  derived  from  the  sulfite  process 
has  a  pliable,  resilient  quality.  When 
held  in  a  felted  blanket  by  a  binder 
the  result  is  a  material  which  is  non¬ 
abrasive  to  the  most  delicate  surface. 
Tests  have  shown  that  many  thou¬ 
sands  of  passes  over  a  standard  furni¬ 
ture  finish  leave  no  sign  of  abrasion. 
In  addition  the  firmness  of  these  felts 
offers  added  protection  against  mar- 


Figure  4. — Product  i$  excellent  for 
protecting  furniture. 


Figure  5. — Typical  use  protects  canoe 
Finish  in  transit. 


Figure  6. — Used  as  corner  protection  for 
shipping  appliances. 


mizes  the  absorption  of  liquid  water. 
The  treatment  can  be  carried  to  a  point 
where  the  felt  will  float  on  the  surface 
of  water  for  several  months.  One  lab¬ 
oratory  sample  went  eight  months. 

The  reverse  property,  that  of  high 
rapid  absorption,  is  required  in  the 
shipment  of  liquids.  In  addition  to 
protection  against  shock  it  is  often 
advantageous  to  have  a  material  which 
will  absorb  any  possible  leakage  and 
thus  prevent  damage  to  other  items  in 
the  shipment.  The  highly  absorbent 
wood  fiber  felt  will  absorb  16  times 
its  own  weight  of  water  in  30  seconds 
when  placed  on  a  water  surface.  Fig¬ 
ure  7  is  a  picture  of  such  a  package 
designed  to  absorb  the  contents  of  the 
bottle. 

The  shipment  of  stalk  type  vege¬ 
tables  such  as  asparagus  and  celery  re¬ 
quires  a  protective  cushion  which  not 
only  protects  against  shock  but  acts  as 
a  wick,  delivering  water  to  the  stalks 
through  the  cut  ends  during  shipment. 
The  pads  of  wood  fiber  felt  are  thor¬ 
oughly  soaked  prior  to  shipment  and 
retain  a  large  volume  of  water  which 
when  passed  on  to  the  vegetable  dur¬ 
ing  shipment  assures  its  delivery  in  a 
fresh,  crisp  condition. 

5.  Thermal  Insulation:  Recent  in¬ 
creases  in  the  general  use  of  frozen 
foods,  and  the  shipment  of  fresh  per¬ 
ishables,  have  increased  the  need  for 
packaging  materials  which  are  good 
thermal  insulators.  The  wood  fiber 
felts  have  a  K  factor  of  0.23  B.t.u.’s 
per  hour  per  square  foot,  per  inch  of 
thickness,  per  degree  temperature  dif¬ 
ferential.  This  offers  important  protec¬ 
tion  against  both  heat  and  cold.  Car¬ 
tons  lined  with  thtse  materials  are 
used  to  help  keep  frozen  foods  and 
ice  cream  in  a  frozen  state  during  ship¬ 
ment.  On  the  other  hand,  car  padding 
used  to  line  the  floor  racks  of  refrig¬ 
erator  cars  for  potato  shipments  not 
only  protects  against  bruises  but  also 


offers  protection  against  the  freezing 
of  winter  shipments. 

Packaging  Specification  Approval 
Earlier,  Federal  Specification  UU-C- 
843,  "Cushioning  Materials,  Cellu-  * 
losic”  was  mentioned.  The  wood  fiber 
felts  are  available  in  all  types  of  ab¬ 
sorbency  and  classes  of  density  as 
established  in  this  specification.  In 
addition  they  of  course  comply  with 
other  specifications  referring  to  UU-C- 
843  such  as  MIL-F-5610,  "Packaging 
and  Packing  of  Parachutes  for  Ship¬ 
ment  and  Storage”  and  T-VA-F-440i;a, 
"Chairs,  Side”. 

The  furniture  industry  has  estab¬ 
lished  with  the  railroads  certain  spe¬ 
cific  methods  and  materials  for  pack¬ 
aging  furniture  items.  These  are  speci¬ 
fied  in  the  Consolidated  Freight  Clas¬ 
sification.  The  Consolidated  Freight 
Classification  in  Item  19501,  Note 
Two,  approves  the  cushioning  mate¬ 
rials  to  be  used  in  furniture  packages. 
Paragraph  four,  under  Note  Two  of 
Item  19501,  describes  the  wood  fiber 
felts.  This  particular  item  is  approved 
for  specific  furniture  packages,  which 
in  turn  are  required  for  certain  freight 
rates  as  established  by  the  Classi¬ 
fication. 

The  United  States  Post  Office  De¬ 
partment,  in  its  bulletin  on  the  pack¬ 
aging  and  preparation  of  mail  matter, 
approves  the  wood  fiber  felts  for  both 
cushioning  and  absorbency  referring 
to  them  by  their  trade  name,  Tufflex. 

Handling  of  Wood  Fiber  Felts 
A  packaging  material  to  be  good 
must  have  more  than  the  properties 
just  discussed.  It  is  necessary  that  it 
be  easy  to  handle  and  cut  to  size,  that 
it  be  dimensionally  stable  so  that  pieces 
used  on  a  packaging  line  will  each  fit 
its  exact  location  and  perform  an  equal 
job  on  each  application.  The  wood 
fiber  felts  are  unique  in  filling  these 
requirements. 

Discussion 

/.  R.  Watkins  (Watkins  Patents 
Inc.,  New  Haven,  Connecticut)  :  What 
methods  are  used  to  cut  these  wood 
fiber  felt  material  into  the  desired 
shapes? 

Mr.  Lteberg:  They  are  easily  cut  to 
any  desired  shape  by  a  variety  of 
methods.  Various  paper  and  cloth  cut¬ 
ters  and  die-cutters  are  used  as  well 
as  saw-type  tools. 

W.  J.  O'Neil  (Dept,  of  Forestry, 
University  of  Missouri,  Columbia, 
Missouri):  If  subjected  to  warm, 
humid  conditions,  would  this  material 
absorb  sufficient  moisture  to  be  harm¬ 
ful  to  a  finely  finished  surface  such  as 
that  of  a  table  top? 

Mr.  Lieherg;  No.  Not  unless  these 
atmospheric  conditions  were  abnor¬ 
mally  severe. 


Figure  7. — Absorbent  qualities  ore  importc  it 
in  cose  bottle  breaks. 


E.  R.  Stivers  (Package  Resear,  h 
Laboratory,  Rockaway,  New  Jersey  : 
Does  temperature  affect  the  protectr  e 
characteristics  of  these  materials? 

Mr.  Lieberg:  Very  little.  They  per¬ 
form  satisfactorily  at  temperatures 
ranging  from  sub-zero  to  the  charring 
temperature  of  the  felt.  Incidentally, 
a  fire  retardant  blanket  is  available  for 
special  use  applications. 

Robert  A.  Ferrell  (Kennedy  (ar 
Liner  and  Bag  Co.,  Shelbyville,  In¬ 
diana)  :  Are  not  wood  fiber  felt 
cushioning  materials  subject  to  de¬ 
terioration  due  to  fungus  attacks? 

Mr.  Lieberg:  The  material  is  treated 
with  a  fungicide  which  protects  it 
from  fungus  activity. 

/.  R.  Roberts  (Development  De¬ 
partment,  Weyerhaeuser  Timber  Com¬ 
pany,  Longview,  Washington) :  How 
are  the  natural  absorptive  properties 
of  wood  fiber  felts  controlled?  For 
instance,  how  is  a  non-absorptive 
blanket  made? 

Mr.  Lieberg:  The  absorptive  proper¬ 
ties  of  a  felt  may  be  modified  by  tlie 
use  of  binder  additives.  For  example, 
wax  emulsions  may  be  added  to  pro¬ 
duce  the  resistance  to  absorption  \ou 
refer  to. 

Mr.  Watkins:  What  species  d  ies 
your  company  use  to  produce  w(  od 
fiber  felts? 

Mr.  Lieberg:  We  purchase  p' x- 
essed  pulp  which  is  largely  spruce  id 
hemlock. 

M.  B.  Christian  (Chicago  Mih  & 
Lumber  Company,  Tallulah,  Lot  si- 
ana)  :  Would  you  mind  telling  us 
w'hat  fungicides  are  used  to  cor,'  ol 
fungus  growth  in  wood  fiber  felts 

Mr.  Lieberg:  I  am  not  sure  th  1 
can  answer  your  question  compk  ly 
but  I  can  give  you  two  examp.es. 
Dowicide  or  Permatox  are  used  lor 
this  purpose. 
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Cra veneer  as  Used  in  the  Packaging  Field 

ARTHUR  L.  WHITON 

Sales  Manager,  Chicago  Mill  and  Lumber  Company,  Chicago,  111. 


Describes  briefly  the  reasons  why  Chicago  Mill  and  Lumber 
Company  searched  for  and  developed  a  new  container  material 
known  as  “Craveneer”.  The  product  is  composed  of  a  sheet  of 
single  ply  veneer  and  two  sheets  of  42  pound  kraft  paper.  One  ply 
of  paper  is  laminated  to  each  side  of  the  veneer  as  it  comes 
directly  from  the  lathe  and  the  combined  sheet  is  then  put  through 
a  Coe  dryer.  This  drying  operation,  after  fabrication,  eliminates 
practically  all  normal  shrinkage. 


Excessive  demands  on  raw  material 
resources  during  World  War  II 
led  to  the  development  of  many  new 
and  improved  materials  in  the  packag¬ 
ing  field.  Weatherproof  V  and  W 
board  cartons  were  among  these  de¬ 
velopments.  These  light-weight  con¬ 
tainers  were  a  definite  contribution  to 
the  war  effort  and  to  the  conservation 
program. 

During  the  last  year  of  the  war 
nearly  fifty  percent  of  the  lumber  pro¬ 
duced  in  this  country  was  used  in  the 
manufacture  of  shipping  containers 
and,  naturally,  all  aggressive  container 
manufacturers  were  constantly  search¬ 
ing  for  new  and  better  materials  that 
would  reduce  this  terrific  drain  pn 
their  timber  resources.  A  product  with 
the  copyrighted  name  of  "Craveneer” 
was  one  of  the  results  of  this  research 
program. 

Through  many  years  of  operation  in 
the  wooden  box  industry,  Chicago  Mill 
and  Lumber  Company  had  accumu¬ 
lated  large  acreage  of  low  grade  tim¬ 
ber  not  suitable  for  its  general  line  of 
production  and  a  product  was  needed 
that  could  utilize  this  low  grade  tim¬ 
ber,  as  well  as  assist  in  the  overall 
conservation  program. 

Development  of  Craveneer 

After  many  months  of  research,  our 
i  hemists  and  engineers  found  that  they 
could  successfully  laminate  kraft  paper 
to  wet  veneer  and  not  only  obtain  a 
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Strong,  one  piece  panel  but  a  panel 
that  would  withstand  unlimited  soak¬ 
ing  and  drying  tests  without  delami¬ 
nation. 

The  next  problem  was  to  determine 
what  kind  and  weight  of  paper  would 
give  the  best  results  when  combined 
with  various  thicknesses  of  veneer. 
Laboratory  tests  indicated  that  Four- 
drinier  kraft  weighing  42  pounds  per 
1,000  square  feet  seemed  to  effect  the 
best  balance  when  laminated  to  veneer 
thicknesses  of  i/g",  and  1/6". 

The  next  stejj  was  to  test  boxes  made 
of  the  three  thicknesses  and  determine 
their  relative  strength  as  compared  to 
the  .plywood,  single  ply  veneer  and 
resawed  materials  used  by  the  com¬ 
pany,  in  large  quantities,  in  the  manu¬ 
facture  of  cleated  boxes  and  wire- 
bound  boxes  and  crates.  The  follow¬ 
ing  table  indicates  some  of  the  savings 
that  could  be  made  through  the  sub¬ 
stitution  of  this  new  material. 


In  addition  to  the  material  savings 
shown  in  the  above  table,  it  was  also 
found  that  logs  that  could  not  be  used 
successfully  in  the  manufacture  of  ply¬ 
wood,  single  ply  veneer  or  thin  re¬ 
sawed  material  would  make  excellent 
Craveneer.  Knots  that  would  normally 
fall  out  of  single  ply  veneer  during 
the  drying  process  would  remain  in¬ 
tact  in  the  wet  veneer  until  thoroughly 
glued  in  place  in  the  laminating  proc¬ 
ess.  Also  kraft  paper  being  securely 
bound  to  each  face  of  the  veneer,  be¬ 
fore  the  panel  was  dried,  reduced 
normal  shrinkage  about  seven  percent. 
When  you  combine  all  of  these  sav¬ 
ings,  with  the  greater  production  ob¬ 


tained  on  the  comparatively  fast  lami¬ 
nating  machine,  you  can  understand 
why  our  company  was  sure  that  this 
material  had  a  very  bright  future. 

When  the  laminating  machine  had 
been  perfected  and  was  ready  to  go 
into  operation,  Craveneer  was  intro¬ 
duced  to  some  of  the  Military  Services 
and  prompt  approval  was  received 
after  the  agencies  had  witnessed  tests 
made  on  boxes  manufactured  of  this 
material. 

Kraft  paper  was  on  the  critical  list 
at  that  time  but  the  many  desirable 
qualities  of  Craveneer,  plus  the  raw 
material  savings  that  could  be  effected, 
enabled  the  company  to  secure  the 
necessary  paper  tonnage.  Many  thou¬ 
sands  of  cleated  Craveneer  boxes  were 
manufactured  and  shipped  overseas 
before  the  war  ended. 

Merchandising  of  Craveneer 

We  now  come  to  the  merchandising 
of  Craveneer  in  the  peacetime  market 
and  its  position  in  the  "defense  pro¬ 
gram”  packaging  field. 

The  production  of  plywood  boxes 
in  this  country  is  somewhat  limited, 
and  the  industry  is  never  in  a  position 
to  meet  demands  when  the  appliance, 
piano,  casket,  and  other  similar  in¬ 
dustries  are  running  at  full  capacity. 


This  condition  existed  for  nearly  four 
years  after  the  war  ended  and  it  was 
during  this  period  that  a  large  per¬ 
centage  of  our  Craveneer  production 
went  into  the  manufacture  of  cleated 
boxes  for  these  industries.  It  helped 
us  meet  the  requirements  of  our  cus¬ 
tomers  and  retarded  the  development 
of  inferior  packages  for  these  prod¬ 
ucts.  Craveneer  supplied  the  tight, 
rigid,  and  lightweight  boxes  required 
by  the  manufacturers  of  these  valu¬ 
able  and  highly  finished  products.  The 
smooth,  uniformly  colored,  one  piece 
panels  made  ideal  printing  surfaces  for 
the  desired  advertising,  and  this  fea¬ 
ture  aided  materially  in  the  sale  of 


COMPARABLE  THICKNESSES  OF  CRAVENEER,  PLYWOOD,  SINGLE  PLY  VENEER  AND  RESAWED 

Craveneer  Plywood  Single  Ply  Veneer  Resawed 

♦1/16" . .  3/24"  1/10",  1/8",  1/7" 

*1/8" .  3/20",  3/16"  1/6",  3/16" 

♦1/6" . . .  3/12"  7/32",  1/4"  1/4" 

♦Thickness  of  wood  core  exclusive  of  the  paper  face. 
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Craveneer  boxes. 

Single  ply  veneer  and  thin  resawed 
material,  used  in  the  manufacture  of 
wirebound  crates  and  boxes,  was  also 
very  scarce  during  this  postwar  period 
and,  again,  Craveneer  came  to  our  res¬ 
cue.  The  thinner  Craveneer  slats  and 
panels  were  used  in  place  of  the  single 
ply  veneer  and  resawed  material  and 
many  advantages  resulted.  The  various 
panels  of  a  wirebound  box,  when  made 
of  single  ply  veneer  or  butt-jointed 
resawed  material,  generally  consist  of 
several  pieces  in  each  face  of  the  box 
and  when  exposed  to  varying  atmos¬ 
pheric  conditions  shrink  and  warp  and 
openings  develop  between  the  multi¬ 
ple  pieces.  This  is  not  a  serious  de¬ 
fect  for  the  majority  of  products 
packed  in  wirebound  boxes  but  docs 
prevent  the  use  of  this  type  of  box  for 
small,  unpackaged  items  such  as  bolts, 
nuts,  screws,  etc.  The  Craveneer  wire- 
bound  box  is  made  with  one  piece 
panels  and  can  be  used  for  packing 
these  small,  bulk  packed  items  as  well 
as  afford  much  greater  protection  from 
the  elements  for  any  highly  finished 
article  or  any  items  prepackaged  in 
corrugated  cartons  and  overpacked  in 
wirebound.  Much  greater  rigidity  is 
also  obtained  through  the  use  of  one 
piece  panels.  All  of  these  features 
when  combined  with  the  rather  sub¬ 
stantial  savings  in  freight,  to  not  only 
the  box  user,  but  also  to  the  ultimate 
consumer,  plus  the  excellent  appear¬ 
ance  of  the  box,  whether  plain  or 
printed,  combine  to  give  the  customer 
the  type  of  wirebound  box  he  has 
always  wanted  but  has  never  found 
before. 

Craveneer  is  also  used  extensively 
in  the  manufacture  of  wirebound 
crates.  Its  inherent  rigidity  makes  pos¬ 
sible  the  use  of  slightly  wider  but 
straight  slats  of  this  material  as  a  sub¬ 
stitute  for  veneer  or  resawed  diagon¬ 
als.  The  wider  slats  give  added  pro¬ 
tection  to  the  article  packed  in  the 
crate  and  also  afford  a  better  printing 
surface  for  the  company  name  and  the 
desired  advertising  matter. 

As  a  box  and  crate  manufacturer, 
Chicago  Mill  and  Lumber  Company  is 
now  supplying  Craveneer  packages  for 
shipment,  both  domestic  and  export, 
of  a  long  list  of  products  such  as  re¬ 
frigerators,  freezers,  pianos,  furnaces, 
stoves,  water  heaters,  textiles,  caskets, 
sewing  machine  cabinets,  washing  ma¬ 
chines,  automatic  clothes  dryers,  porce¬ 
lain  enameled  sinks,  undersink  cabi¬ 
nets,  wall  cabinets,  food,  clothing, 
medical  supplies,  hardware,  aluminum 
and  stainless  steel  sheets,  and  many 
other  miscellaneous  items. 

In  the  export  field  Craveneer  solved 
a  serious  pilferage  problem  for  a  cus¬ 
tomer  manufacturing  plumbing  hard¬ 
ware  such  as  brass  fittings  and  faucets. 


The  loss  by  pilferage  had  become  a 
very  disturbing  factor  to  the  shipper 
and  the  insurance  companies.  The 
oak  box,  lined  with  resawn  oak 
placed  at  right  angles  to  outer  sheath¬ 
ing  did  not  stop  the  substantial  losses. 
At  the  customer’s  suggestion,  we  sub¬ 
mitted  a  wirebound  box  constructed 
with  butt-jointed  thick  resawed 
lumber  on  the  outside  face  and  l/g" 
thick  Craveneer  panels  on  the  inside 
face.  The  two  panels  were  securely 
joined  together  with  well  clinched 
staples  in  the  normal  wirebound  manu¬ 
facturing  process  and  this  feature, 
combined  with  the  regular  twisted  wire 
closure,  completely  eliminated  the  pil¬ 
ferage  problem.  This  lightweight  con¬ 
tainer  showed  a  saving  in  domestic 
transportation  costs  to  shipside,  a  re¬ 
duction  in  ocean  freight  because  of 
the  lesser  cubical  displacement,  and  a 
very  handsome  saving  in  the  original 
cost  of  the  package. 

This  particular  package  won  first 
prize,  over  all  other  types  of  contain¬ 
ers  entered  in  competition  in  the  ex¬ 
port  field,  at  the  Annual  Exhibit  of 
the  Society  of  Industrial  Packaging 
and  Materials  Handling  Engineers  held 
in  Cleveland  in  October  1951. 

The  highly  weather  resistant  char¬ 
acteristics  of  Craveneer  has  won  favor 
with  certain  of  the  Armed  Forces  pack- 
aging  personnel.  The  majority  of  ply¬ 
wood  produced  for  packaging  pur¬ 
poses  will  not  withstand  long  periods 
of  out-of-doors  storage  'and  the  high 
grade  weatherproof  plywoods  are  too 
expensive  for  use  in  boxes,  except  for 
reusable  purposes. 

Craveneer  will  not  delaminate.  The 
paper  coating  may  bleach  and  pos¬ 
sibly  be  scuffed  off  in  spots  from  con¬ 
tact  with  other  containers,  when  the 
surface  has  been  soaked  for  a  long 
period  of  time,  but  the  box  is  not 
materially  weakened.  If  plywood  pan¬ 
els  delaminate,  the  box  is  ruined. 

In  the  manufacturing  process,  Cra¬ 
veneer  is  given  a  surface  treatment  of 
wax  which  adds  sufficient  protection 
to  the  paper  to  withstand  many  months 
of  out-of-door  storage  without  harm¬ 
ful  bleaching  or  softening.  However, 
if  greater  weatherproofness  is  required 
we  can  add,  at  a  comparatively  low 
cost,  a  heavy  dry  wax  finish  to  the  ex¬ 
terior  surfaces.  This  highly  weather 
resistant  feature,  when  considered  in 
conjunction  with  the  added  strength 
and  protection  of  the  one  piece  panels 
supplied  in  all  boxes,  whether  wire- 
bound  or  cleated,  deserves  the  serious 
consideration  of  all  Government 
agencies. 

We  have  supplied  many  thousands 
of  Craveneer  containers  to  contractors 
who  arc  shipping  expensive  and  highly 
finished  articles  to  the  Armed  Forces, 
and  have  as  yet  to  receive  our  first 


complaint.  This  has  not  been  true  with 
our  veneer  wirebound  and  plywood 
containers. 

Although  we  understand  Govern¬ 
ment  specification,  it  is  a  fact  that 
nature,  and  not  man,  grows  the  trees— 
and  inspect  as  carefully  as  you  may, 
certain  objectionable  knots  and  cross¬ 
grain  will  creep  into  the  boxes  and  the 
inspector  will  throw  them  out.  These 
rejections  are  a  total  loss  to  the  manu 
facturer  and  a  waste  of  our  naturjl 
resources.  When  you  combine  this 
same  objectionable  veneer  with  paper 
and  glue,  the  defects  are  gone  and  i 
new  strength  is  acquired. 

We  have  not  searched  for  other 
uses  for  this  material  outside  of  tl 
packaging  field  but  have  sold  substai  - 
tial  quantities  to  the  furniture  indii 
try  for  use  as  drawer  bottoms,  ca 
backs,  and  couch  bottoms.  We  ha',.- 
also  sold  Craveneer  to  the  pipe  lii  j 
companies  for  use,  as  a  wrapper  ) 
protect  the  corrosion  preventive  fini-'i 
on  the  surface  of  the  pipe,  when  la-  - 
ing  the  pipe  in  rocky  soil.  This  bu'  - 
ness  has  come  to  us  unsolicited. 

Craveneer  has  recently  been  intr  - 
duced  in  the  fruit  and  vegetable  fid  1 
and  preliminary  surveys  indicate  th..t 
its  fine  appearance,  smooth  surfat  , 
lightweight,  and  water  resistant  char¬ 
acteristics,  all  combined  into  one  proti- 
uct,  will  supply  a  much  desired  and 
badly  needed  material  in  this  field. 
It  is  estimated  that  there  is  a  potential 
annual  volume  of  approximately 
600,000,000  feet  in  the  citrus  field 
alone,  and  this  figure  could  be  in¬ 
creased  substantially  if  adopted  by 
some  of  the  vegetable  shippers. 

Summary 

It  is  a  known  fact  that  good  veneer 
logs  are  becoming  scarcer  and  more 
expensive  each  year.  The  large  hard¬ 
wood  timber  tracts  have  been  cut  over 
two  or  three  times  and  the  trees  that 
remain  are  of  inferior  quality,  or  are 
of  species  that  will  not  make  a  good 
grade  of  plywood  or  thin  single  ply 
veneer.  However,  these  trees  will  make 
satisfactory  Craveneer  and  can  be  pur¬ 
chased  at  a  reasonable  price.  In  fa' t, 
in  certain  areas  in  the  South  the  lar^e 
paper  companies  arc  anxious  to  ha'^e 
the  oak,  ash,  and  other  hardwood  sj  e- 
cics  removed  from  the  land  so  tl  at 
they  can  plant  pine  for  their  pi  'p 
mills.  Craveneer  is  the  answer  to  t'  ls 
problem,  as  well  as  to  the  all  imp  r- 
tant  one  of  extending  the  life  of  <  ir 
timber  holdings. 

During  the  past  eight  years  Chic.i  o 
Mill  and  Lumber  Company  has  p  a- 
duced  approximately  675,000,000  s  tr- 
face  feet  of  Craveneer,  which  clea  ly 
indicates  that  the  product  has  o  n- 
sidcrable  merit  and  a  definite  sa  -‘S 
appeal. 
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Ply-Veneer  Shipping  Containers 


J.  R.  ROBERTS  and  A.  M.  FISKEN 

Manager  and  Project  Engineer,  respectively,  Development  Center, 
Weyerhaeuser  Timber  Co.,  Longview,  Wash. 


Ply-Veneer  is  made  by  continuously  assembling  two  layers  of 
Kraft  board  on  the  outside  of  a  distended  veneer  core.  Containers 
made  from  this  product  are  said  to  combine  all  the  best  features  of 
corrugated,  solid  fiber,  wire  bound  and  wood  boxes  without  in¬ 
cluding  the  shortcomings  of  these  products.  Used  for  both  cleated 
and  undented  boxes,  wrap  around  shells,  and  as  flat  stock  for 
container  parts.  Is  flexible  enough  for  cylindrical  shipment  protectors. 


WEYl-RHAEUSl-R  TIMBER  COM¬ 
PANY  is  currently  introducing  to 
the  market  an  improved  structural 
material  called  Ply- Veneer.  The  prod¬ 
uct  is  a  highly  stable,  flexible  material 
comprising  specially  treated  wood 
veneer  to  which  is  adhesively  attached 
one  or  two  flexible  liners,  preferably 
of  thin  Kraft  container  board.  The 
manufacture  and  sale  of  such  a  prod¬ 
uct  is  of  marked  value  to  the  Com¬ 
pany  in  economically  upgrading  its 
forest  raw  materials  through  improved 
integration  procedures. 

The  combining  of  wood  veneer  with 
liners  of  various  kinds  to  produce  a 
laminated  structure  useful  in  the  field 
of  packaging  is  not  new.  The  prior 
patent  art  is  rather  voluminous  and 
discloses  a  varic^ty  of  constructions  and 
uses. 

However,  the  prior  art  products 
have  apparently  not  enjoyed  the  vol¬ 
ume  use  to  which  their  basic  char¬ 
acteristics  entitle  them.  This  may  have 
been  partially  due  to  not  meeting  the 
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detailed  requirements  as  complc-tely 
as  is  desirable  or  perhaps  to  lack  of 
the  ideal  manufacturing  situation  with 
respect  to  availability  of  the  compo¬ 
nents  at  their  source. 

In  any  event  Ply-Veneer  has  been 
perfected  to  provide  a  versatile  com¬ 
posite  structure  capable  of  a  high  de¬ 
gree  of  compliance  with  the  require¬ 
ments  of  a  variety  of  uses,  manufac¬ 
tured  where  the  integration  of  veneer, 
container  board  and  wooden  parts  if 
rc-quired  is  ideal. 

Ply-Veneer  has  been  in  the  devel¬ 
opment  and  market  testing  stages  for 
several  years.  The  Elmendorf  Research 
Laboratory  has  worked  with  Weyer¬ 
haeuser  Development  on  this  product 
— particularly  in  the  fields  of  con¬ 
tainer  design  and  product  testing.  This 
year  for  the  first  time,  Ply-Veneer  is 
being  produced  and  marketed  in  sub¬ 
stantial  commercial  quantitic*s. 

Ply-Veneer  is  used  principally  as 
the  base  material  for  complete  ship¬ 
ping  containers  and  to  a  lesser  degree 
as  container  parts.  It  also  has  many 
applications  in  flat  sheet  stock  in  the 
furniture  and  allied  industries.  In 
somewhat  different  forms  it  has  ap¬ 
plications  in  the  Building  Industry 
which  have  not  yet  been  completely 
explored. 

Distention  of  Veneer 

When  standard  veneer  is  incorpo¬ 
rated  in  a  lined  composite  structure, 
there  is  a  definite  tendency  to  warp. 
This  warping  problem  is  overcome  in 
Ply-Veneer  by  giving  the  dry  veneer 
stock  a  distending  or  stretching  treat¬ 
ment  prior,  to  applying  the  Kraft 
board.  In  this  operation,  the  veneer  is 
actually  lengthened  across  the  grain 
from  five  to  eight  percent  over  its 
previous  dimension.  The  distention 


slices  are  all  made  parallel  to  the  grain 
of  the  wood.  This  action  remove's  the 
"roll”  from  the  lathe  cut  veneer  and 
truly  flattens  it.  Attempts  to  get  this 
same  result  by  a  haphazard  breaking 
of  the  wood  structure  gives  results  not 
sufficiently  uniform  to  do  the  whole 
job  efficiently  and  reliably. 

Steel  Strap  Reinforces  Edges 

This  special  feature  of  Ply- Veneer 
gives  the  container  that  plus  value  it 
needs  to  hold  its  dimensions  to  close 
tolerances  under  heavy  loading  and 
rough  usage.  The  steel  strap,  a«half 
inch  wide,  is  countersunk  its  own 
thickness  into  the  veneer  on  what  will 
be  the  outside  surface  of  the  box,  be¬ 
fore  the  Kraft  layer  is  applied.  This 
prevents  the  strap  from  catching  and 
tearing  when  loaded  containers  are 
skidded  over  each  other.  The  strap 
also  gives  the  containers  these  other 
advantages: 

a.  It  increases  nail  holding  strength 
several  times.  When  the  boxes 
are  assembled,  the  nails  are 
driven  through  the  steel  strap 
into  the  ends. 

b.  It  acts  as  a  hinge  in  addition  to 
the  Kraft  when  the  box  is  opened 
and  closed. 

c.  It  prevents  splitting  when  hc-av- 
ily  loaded  containers  are  dropped. 

d.  It  prevents  racking  when  the 
loaded  box  is  dropped  on  a 
corner  or  an  edge. 

e.  It  makes  a  stronger  box  for  re¬ 
handling  where  the  container  is 
opened  back  out  to  its  original 
flat  condition  before  being  re¬ 
turned  for  reloading. 

Routing  of  Veneer  Between  Liners 

Another  valuable  construction  fea¬ 
ture  of  Ply-Veneer  is  achieved  by  the 
way  the  corners  are  formed.  The 
veneer  is  routed  for  the  corners  in 
such  a  way  that  the  Kraft*  board  both 
inside  and  outside  the  box  is  continu¬ 
ous.  This  gives  these  advantages: 
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a.  A  completely  flexible  corner — 
and  very  strong  because  there  is 
an  intact  layer  of  Kraft  on  each 
side. 

b.  A  container  which  can  be  shipped 
knocked  down  and  flat  the  first 
time  and  for  reshipment  with¬ 
out  having  rough  surfaces  to 
catch  and  tear. 

c.  A  container  which  is  smooth  in¬ 
side  and  out  with  no  gaping 
cracks  inside  to  collect  dirt  when 
empty  or  to  fill  with  shipping 
contents  when  the  box  is  in  use. 

Flexibility  of  Container  Design 

Ply- Veneer  containers  represent  a 
box  designers  delight  because  of  their 
versatility. 

a.  Cleated  boxes  can  be  built  in 
any  number  of  types.  The  cleats 
themselves  may  be  of  any  dimen¬ 
sions  and  joint  design.  They  can 
be  fastened  to  the  box  shell  or  to 
the  box  end.  The  assembly  is 
shipped  flat  to  the  user  where  it 
is  very  simply  assembled.  Con¬ 
tainers  are  easily  knocked  down 
for  shipment  back  to  the  starting 

.  point  for  re-use. 

b.  Cleatless  boxes  offer  any  number 
of  intriguing  possibilities.  With 
Ply-Veneer  construction,  it  is  pos¬ 
sible  to  make  a  series  of  very 
strong  containers  without  the  use 
of  cleats.  The  flat  box  blank  is 
so  routed  and  slotted  that  it  can 
be  bent  into  shape  and  fastened 
with  staples.  The  inclusion  of 
steel  strap  as  edge  reinforce¬ 
ment  is  particularly  worthwhile  in 
structures  of  this  type. 

c.  Wrap  around  shells  have  many 
uses.  They  can  be  used  with 
solid  wood  ends  or  ends  of  other 
types.  They  can  be  produced  at 


a  distant  plant  and  shipped  flat 
to  the  factory  of  the  user.  There 
they  can  be  assembled  into  com¬ 
pleted  containers  by  combining 
them  with  box  ends  from  a  local 
source. 

d.  Box  slats,  tops  or  bottoms  can  be 
transported  in  bundles  for  assem¬ 
bly  in  the  plant  of  the  shipper. 
They  lend  themselves  to  the 
manufacture  and  easy  assembly 
of  unique  types  of  containers 
which  must  meet  special  use 
requirements. 

e.  The  following  table  lists  some 
of  the  standard  Ply-Veneer  con¬ 
structions: 

Inside  liner  Veneer  Outside  liner 

.016  1/10  .016 

.016  1/8  .016 

.016  1/8  .030 

.016  3/16  .016 

.016  3/16  .030 

.030  3/16  .030 

Special  constructions  will  be 
"tailored  to  the  use”  of  large 
users. 

Weights  of  Ply-Veneer  per 
square  foot,  16  pt  Kraft  both 
sides  are:  1/10" — 0.32}/sq.  ft.; 
V'8"-0-37#/sq.  ft.;  ^"-0.48# 
/sq.  ft. 

Thicknesses  shown  are  for 
veneer  only  and  are  increased 
by  the  two  container  board  liners. 

f.  Comparison  of  compression  and 
stiffness,  strength  of  Ply-Veneer 
and  Corrugated  Fiber  Contain¬ 
ers. 

g.  Ply-Veneer  Container  Perform¬ 
ance  compared  with  Wood 
Boxes.  See  Tables  below. 

Analysis  of  Product 

Use  Requirements  Method  of  Per¬ 
fecting  the  Product  and  Establishing 
its  Performance  has  been  employed  as 


a  method  of  analysis  throughout  the 
development  of  Ply-Veneer  itself  and 
specific  containers  made  from  it. 

A.  Preliminary  Investigation: 

a.  Analysis  of  Use  Requirements 
for  Ply-Veneer. 

b.  Probability  of  meeting 'these 
requirements. 

c.  Probable  volume  of  sales. 

d.  Probable  price  level — com¬ 
petitive  situation. 

e.  Decision  on  further  develoi  - 
ments. 

B.  Final  Investigation,  if  prelin  •- 

nary  investigation  is  favorabl.: 

a.  Correlation  of  use  requii  - 
ments  with  Ply- Veneer  proiv 
erties. 

b.  Test  methods  to  be  used  n 
selection  of  tentative  spe.  i- 
fications  to  meet  these  r 
quirements. 

c.  Choice  of  Ply-Veneer  pre  1- 
uct  most  nearly  comply! .  g 
with  specifications. 

d.  Field  and  shipping  trials  of 
this  chosen  product. 

e.  Delineation  of  superiorities 
and  deficiencies  of  Ply-Veneor 
in  the  field. 

f.  Correction  of  the  deficien¬ 
cies  through  cooperation  be¬ 
tween  the  customer  and  Wey¬ 
erhaeuser  Timber  Company. 

g.  Initial  order  if  customer  gets 
attractive  utility  at  a  satisfac¬ 
tory  price. 

Ply- Veneer  Advantages 

Based  on  the  above  type  of  analysis 
Ply-Veneer  has  been  developed  to 
have  the  following  advantages: 

Appearance:  The  smooth  Kraft 
board,  the  built  in  cleats,  and  the 
square  full  corners  give  Ply-Venccr 
containers  a  very  attractive  appear¬ 
ance. 

Durability:  The  "routed  in”  and 
covered  steel  strap  and  the  ruggedness 
of  the  3  layer  construction  combine  to 
give  the  containers  the  necessary  re¬ 
sistance  to  puncture  and  racking  under 
heavy  loading  and  abusive  handling 
and  also  gives  them  stacking  stren  th 
to  an  unusual  degree. 


PLY-VENEER  AND  WOOD  BOXES  COMPARED 

Diagonal  Compression  Revolving  Corner 

- Drum  Test  Drop 

Container  Max.  Load  Compression  (14  ft.)  Test 

Dimension  Weight  Sustained  at  Max.  Load  No.  No.  of 


Type  Container  (inches)  (pounds)  (pounds)  (inches)  Drops*  Drops* 

Cleated  Ply-Veneer 

1/8"  Veneer _  24x12x12  7.0  l.-SOO  0.56  139  24 

Cleated  Ply-Veneer 

3/16"  Veneer -  24x12x12  9.0  2.200  0.65  150  26 

Cleated  Wood  Style 

4  Box .  24x12x12  14.0  580  0.56  47  14 


*Load  95-97  #. 

A  single  girth  strop  used  on  the  Ply  Veneer  Box— no  girth  strap  on  the  wood  box. 
Data  obtained  from  Independent  Testing  Organization. 


FLAT  TOP  AND  SEPARATE  LID  PLY-VENEER  BOXES  COMPARED 

(Size  64,  72,  80,  88,  100  and  113  Delicious)  * 

Severe  Bruises  Percent  Apples 
Per  Remaining 

Container  100  Apples  Sound 

Flat-top  Ply-Veneer  11" . 24.9  17.1 

Separate  lid  Ply-Veneer _ _ 32.7  10.3 

Standard  wooden  box  (check) _  32.7  13.6 

Both  types  of  Ply-Veneer  box  were  packed  with  no  pads  or  liners.  The 
standard  worsen  box  used  as  a  check  was  packed  using  plain  sulphite  liners  as 
is  the  case  with  all  standard  wooden  check  boxes  used  in  these  tests. 


BRUISE  PREVENTION  OF  PLY-VENEER  BOX  HANDLED 

UPRIGHT,  COMPARED  WITH  THE  STANDARD  BOX 

(Size  100  Delicious)  * 

Severe  Bruising  Percent  Ap 
Handling  Per  Remaini’’ : 

Container  Position  100  Apples  Sound 

Flat-top  Ply-Veneer  11)^" _  Upright  15.3  18.0 

Standard  wooden  box _  On  Side  30.5  7.5 

*Tests  made  by  independent  fruit  commission. 
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'.’ermanence:  The  excellent  dimen- 
SA'iial  stability  made  possible  by  spe- 
c  .il  construction  and  the  covered  steel 
strip  results  in  a  box  which  can  be 
r.  !sed  many  times.  The  corner  routing 
of  the  veneer  between  both  Kraft  lay- 
e  ;  leaves  a  surface  which  lends  itself 
to  many  re-uses. 

Handleability:  The  cleated  ends 
povide  convenient  ledges  for  lifting 
i''.ided  boxes.  The  knock-down  con¬ 
s' ruction  makes  it  possible  to  reship 
Pi.iny  containers  in  a  small  space.  The 
t..ct  that  there  are  no  rough  inside 
silts  or  cracks  in  the  boxes  makes 
them  easier  to  handle  without  damage 
in  the  knocked  down  condition.  Their 
light  weight  adds  to  their  desirability 
both  on  loaded  shipments  and  on 
empty  return  shipments.  The  boxes 
have  excellent  strength  and  stiffness 
"per  pound”. 

Workability:  The  smooth  surfaces 
make  the  containers  easier  to  print, 
label,  or  otherwise  identify  with  the 
owners  advertising.  The  ease  of  as¬ 
sembly  and  closure  are  important  in 
this  respect. 

Uniformity:  All  containers  are 
made  to  close  tolerances  so  that  one 
box  is  just  the  same  size  as  another. 
This  makes  them  applicable  when 
automatic  loading  equipment  is  used. 
It  also  assures  the  user  of  quality 
uniformity. 

The  combination  of  the  above  prop¬ 
erties  provides  a  container  superior  to 
present  types  in  utility.  It  incorporates 
the  best  features  of  nailed  wood,  wire- 
bound  and  solid  fiber  into  a  single 
product  without  carrying  over  the  de¬ 
ficiencies  of  any  of  them. 

Overall  Integration  with  Lumber 
and  Pulp  Operation 

Plywood:  It  is  a'  well  known  fact 
that  the  supply  of  backgrade  veneer 
is  much  more  abundant  than  that  of 
high  grade  face  veneer.  Because  Ply- 
Veneer  does  not  require  a  high  grade 
veneer,  its  manufacture  helps  to  estab¬ 
lish  a  balance  in  the  plywood  plant. 
Many  logs  having  a  small  high  qual¬ 
ity  veneer  content  would  not  other¬ 


wise  be  peeled.  Now  they  will  be 
peeled  with  the  outer  shell  of  excel¬ 
lent  clear  A  grade  veneer  going  into 
plywood  face  stock  and  the  bulk  of 
the  log  being  used  in  Ply-Veneer. 
This  increases  the  realization  from  the 
otherwise  lower  grade  log. 

The  manufacture  of  Ply-Veneer  in 
conjunction  with  plywood  makes  it 
possible  to  use  an  existing  green  end 
system  including  the  face  and  core 
lathes,  barking  equipment,  etc.  It  also 
makes  possible  maximum  utilization 
of  drying  equipment. 

Container  Board  is  an  integral 
part  of  Ply- Veneer.  The  inside  part  of 
a  low  grade  log  which  would  not  be 
economically  used  for  either  plywood 
veneer  or  Ply- Veneer  can  be  converted 
to  Kraft  board  in  the  Pulp  mill  and 
used  in  linings  of  Ply-Veneer. 

Cleat  stock,  which  is  used  in  many 
Ply-Veneer  containers  can  be  made 
from  narrow  strips  for  which  profit¬ 
able  uses  are  difficult  to  devise.  With 
the  type  of  integration  described 
above,  the  only  items  required  from 
outside  the  Company  are  nails,  adhe¬ 
sive  and  steel  strap. 

Better  Utilization 

The  large  scale  production  ‘  of  Ply- 
Veneer  will  make  possible  the  market¬ 
ing  of  another  useful  item  of  com¬ 
merce  while  improving  Company  in¬ 
tegration  toward  maximum  utilization 
of  Forest  Raw  Materials. 

Discussion 

M.  B.  Christian  (Chicago  Mill  and 
Lumber  Company,  Tallulah,  Louisi¬ 
ana)  :  What  adhesive  is  used  in 
laminating  Ply-veneer? 

Mr.  Roberts:  The  adhesive  is 
selected  to  match  the  weather-resistant 
characteristics  of  the  ply-veneer  panel 
to  the  expected  exposure  conditions. 
For  this  reason  any  one  of  several 
different  adhesives  may  be  used  to 
bond  the  Kraft  board  to  the  veneer 
core. 

Mr.  J.  R.  Watkins  (Watkins  Pat¬ 
ents,  Inc.,  New  Haven,  Conecticut) ; 
Is  the  method  your  company  uses  to 
prepare  ply-veneer  from  a  distended 


veneer  core  and  two  layers  of  kraft 
board  similar  to  the  Elmendorf 
method  ? 

Mr.  Roberts:  The  staff  of  Elmen¬ 
dorf  Research,  Inc.,  of  Chicago, 
worked  with  us  in  developing  ply- 
veneer.  Much  of  the  fundamental  re¬ 
search  was  conducted  by  their  organ¬ 
ization. 

Ralph  Casselman  (Paine  Lumber 
Company,  Oshkosh,  Wisconsin:  Is  the 
veneer  core  green  when  bonded  to  the 
Kraft  boards?  Are  pieces  of  the  core 
edge  glued  to  form  a  continuous 
sheet  ? 

Mr.  Roberts:  The  veneer  is  dried, 
distended  and  then  bonded  to  the 
Kraft  board  faces.  Edge  gluing  is  not 
necessary. 

O.  T.  Sands  (Sears  Roebuck  & 
Company,  Chicago,  Illinois) :  How 
does  the  cost  of  cleatless  ply-veneer 
container  compare  to  that  of  cor¬ 
rugated  or  solid  fiberboard  container 
of  comparable  strength? 

Mr.  Roberts:  The  comparable  cost 
depends  largely  upon  the  degree  and 
type  of  protection  the  container  must 
give  the  contents.  If  a  plain  fiber- 
board  container  would  handle  the  load 
adequately  it  would  probably  be  the 
cheapest  container  for  the  job.  When 
the  load  is  such  that  liners  or  sleeves 
must  be  added  to  the  fiberboard  con¬ 
tainer  to  afford  the  protection  needed, 
the  picture  may  be  reversed  in  favor 
of  ply-veneer. 

G.  G.  Garlick  (Protection  Products 
Manufacturing  Company,  Kalamazoo, 
Michigan) :  How  is  the  cleatless  ply- 
veneer  box  sealed?  Is  this  accom¬ 
plished  by  the  use  of  glue,  as  with 
fiberboard  boxes  or  are  other  means 
used? 

Mr.  Roberts:  The  cleatless  box  is 
fastened  with  staples. 

A.  R.  Tegge  (Quartermasters  Con¬ 
tainer  Laboratories,  Chicago,  Illinois) : 
Is  steel  strapping  always  used  in  the 
uncleated  box  blank? 

Air.  Roberts:  Not  always.  Whether 
or  not  such  box  blanks  contain  the 
reinforcement  of  the  strapping  de¬ 
pends  upon  the  use  requirements  of 
the  container.  Sheet  ply-veneer  is  also 
sold  for  other  purposes  in  which  the 
steel  strapping  is  not  necessary. 
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TECHNICAI^ESSION  V— Tue.,  June  16,  1953,  2:00  A.  M.^ 

Subject:  Wood  Finishing 
Chairman:  B.  E.  Clatworthy 
Recorder:  Howard  Rosenbcrry 

The  Absorption  of  Water,  Swelling  and 
Solubility  of  Free  Films  of  Paint 

F.  L.  BROWNE 

Chemist,  Forest  Products  Laboratory,  Forest  Service,  U.  S.  Department  of  Agriculture’ 


Tests  substantiating  that  free  films  of  house  paints  soaked  in 
distilled  water  absorb  surprisingly  large  amounts  of  water  are  de¬ 
scribed.  Amount  is  often  more  than  1  Vz  times  the  weight  of  linseed 
oil  that  the  film  contains.  When  such  films  are  young,  swelling  of 
many  paints  may  cause  expansion  of  surface  area  as  much  as  50 
percent. 


IT  IS  POPULARLY  SUPPOSED  that 
coatings  of  oil  paints  and  of  dry¬ 
ing  oils  are  inert  or  nearly  inert  to 
water.  Because  oil  and  water  are  prac¬ 
tically  insoluble  in  each  other,  it  is 
c*asy  to  assume  that  the  incompatibility 
continues  after  the  oil  has  become  oxi¬ 
dized,  polymerized,  and  cross-linked 
into  a  gel  structure.  Nevertheless, 
more  than  30  years  ago  English  (23)^ 
and  German  {14,  29)  workers  showed 
that  films  of  linseed  oil  after  drying 
absorb  a  third  or  even  half  of  their 
weight  when  immersed  in  water  for 
a  few  days,  and  Dunlap  {12,  13)  and 
later  Browne  (4)  at  the  Forest  Prod¬ 
ucts  Laboratory  reported  that  coating 
wood  with  paint,  varnish,  or  oil 
merely  retards  without  preventing 
change's  in  moisture  content  of  the 
wood.  Since  then  there  have  been 
many  publications  on  the  absorption 
of  water  (2,  2,  3,  8,  23,  26,  27,  39, 
40)  and  water  vapor  {16,  17,  31)  by 
coatings  of  oils  and  paints  and  on 
the  leaching  of  water-soluble  ingredi¬ 
ents  from  coatings  (22,  14,  20,  21). 
Many  of  the  studies  were  concerned 

^  Maintained  at  Madison,  Wis.,  in  cooperation 
.  with  the  University  of  Wisconsin. 

*  Italic  figures  in  parentheses  refer  to  Litera¬ 
ture  Cited  at  end  of  the  paper. 
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with  the  evaluation  of  rust-protective 
paints  and  the  mechanism  of  protec¬ 
tion  against  corrosion  for  metal  (28, 
29,  20,  24,  28,  32  to  38,  incl.).  Most 
observations  were  made  with  coatings 
supported  on  glass  or  metal;  few  on 
free,  unsupported  films  {30,  31).  In 
all  of  the  publications  cited,  swelling 
was  measured  in  terms  of  the  absorp¬ 
tion  of  water  by  the  films;  no  direct 
measurements  of  changes  in  dimen¬ 
sions  are  reported. 

The  loss  of  substance  by  leaching 
and  the  swelling  and  shrinking  from 
gain  and  loss  of  water  are  surely  sig¬ 
nificant  properties  of  paint  coatings 
about  which  more  should  be  known 
before  the  behavior  of  paints  on  ex¬ 
terior  woodwork  and  the  chemistry  of 
coating  deterioration  can  be  explored 
to  full  advantage.  Such  developments 
as  checking,  cracking,  curling,  flaking, 
and  blistering  clearly  reveal  the  opera¬ 
tion  of  sizeable  stresses  on  the  coat¬ 
ings.  It  is  commonly  assumed  that  the 
stresses  originate  outside  the  coatings, 
particularly  in  movement  or  develop¬ 
ment  of  fluid  pressure  within  the 
wood  surface  that  supports  the  paint. 
The  discoveries  that  water  swells  many 
of  the  paints  in  common  use  to  a 
much  greater  extent  than  it  docs  wood 
and  that  painted  surfaces  on  houses 
are  continuously  wet  for  long  periods 
of  time  (23)  strongly  suggest  that  the 
destructive  stresses  may  arise  chiefly 
within  the  coatings  themselves. 

In  order  to  limit  the  present  studies 
to  the  behavior  of  the  coating  mate¬ 
rials  themselves  without  complications 
from  the  effects  of  the  substrate,  the 
tests  were  made  on  free  unsupported 
films  of  clear  drying  oils  and  oil 
paints.  All  of  the  films  swelled  meas¬ 
urably  when  immersed  in  water,  many 
of  them  very  greatly.  The  swelling 
observed  was  the  increase  in  area. 


calculated  from  precise  mcasurcnn  its 
of  increase  in  length  and  width  of  ne 
films.  (Convenient  means  were  ot 
found  for  measuring  increase  in  thi  k- 
ness  with  sufficient  precision  to  cal  u- 
late  volumetric  swelling  relia!  y, 
though  it  is  hoped  that  some  dti  r- 
minations  of  change  in  volume  in 
be  made  in  future  work.)  Films  at¬ 
tached  to  a  substrate,  of  course,  t  n- 
not  swell  freely  in  length  and  wic  h; 
length  and  width  must  remain  fi  d 
by  the  requirements  of  the  substrati  if 
separation  is  to  be  avoided,  and  .iiiy 
necessary  adjustment  of  volume  niiist 
be  made  by  change  in  film  thickness. 
In  a  substantially  rigid  medium  such 
adjustment  of  volume  by  change  in 
one  dimension  only  necessarily  de¬ 
velops  internal  stresses.  By  reason  of 
such  stresses  it  may  be  that  films 
attached  to  substrates  do  not  absorb 
so  much  water  as  the  free  films  used 
in  these  studies,  although  the  data 
reported  in  the  literature  indicate  that 
any  such  difference  is  small. 


Methods  of  Obtaining  Free  Films 

Suitable  substrates  were  coated  with 
oil  or  paint  by  brushing  or  by  drawing 


How  the  length  and  width  of  a  tn'iltecl 
portion  of  a  free  film  of  point  heic  flol 
between  gloss  plates  were  measured  k  'or* 
and  after  swelling  in  water  by  use  '  I  o 
traveling  microscope. 
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do  n  with  a  Bird  doctor  blade.  The 
CO  :  mgs  were  allowed  to  stand  10 
d.i  to  dry  and  harden.  Some  were 
th  stripped  from  the  substrate  for 
in  icdiate  testing,  whereas  others 
w.  ^  exposed  in  an  accelerated  weath¬ 
er  >1;  machine  or  to  natural  weather- 
in  out  of  doors  for  desired  periods 
ot  .me,  after  which  the  coatings  were 
srr  'ped  from  the  substrate  for  testing. 

T'  ee  kinds  of  substrate  permitted 
tl)  films  to  be  stripped  off  at  the 
di  red  time. 

Flat  tinplate  (in  pieces  BYg  by 
5i  .<  inches)  coated  on  one  face  held 
co...ings  well  during  natural  or  arti¬ 
ficial  weathering,  after  which  free 
films  could  be  stripped  off  readily  by 
amalgamating  the  tin  with  mercury. 
Enough  coating  was  scraped  off  near 
the  edges  of  a  specimen  to  expose  tin, 
and  the  specimen  was  floated  on  mer¬ 
cury  with  the  coated  face  down  for 
about  half  an  hour.  With  care,  it  was 
then  possible  to  loosen  the  coating  at 
one  of  its  edges  and  slowly  peel  it 
from  the  metal  without  breaking  the 
freed  film,  provided  that  the  coating 
had  not  been  weathered  too  long  to 
permit  moderate  bending  without 
breaking.  Much  trouble  was  experi¬ 
enced,  however,  in  stripping  unweath¬ 
ered  coatings  only  10  days  old  with¬ 
out  seriously  tearing  the  films.  There 
might  be  less  difficulty  if  the  speci¬ 
mens  with  young  coatings  were  chilled 
to  40°  F.  for  stripping.  In  these 
studies  the  amalgamation  process  was 
used  chiefly  for  specimens  subjected 
to  natural  weathering. 

2.  Flat  pieces  of  glass,  metal,  or 
paper  coated  with  a  thin  layer  of  sili¬ 
cone  parting  agent  DC-7  (Dow- 
Corning  Co.)  applied  with  a  finger 
can  be  painted  readily,  will  hold  coat¬ 
ings  for  a  limited  period  of  natural 
or  artificial  weathering,  and  yet  allow' 
the  films  to  be  stripped  off  when 
needed  for  testing.  Some  of  the  films 
for  these  studies  were  prepared  on 
siliconed  paper.  Shortcomings  of  the 
method  were  a  graininess  in  the  layer 
of  silicone  that  was  transmitted  to 
the  free  films  and  a  tendency  for 
some  paints  to  crack  and  to.  begin 
to  peel  from  embrittlement  at  an 
earlier  stage  of  natural  or  artificial 
Weathering  than  they  did  on  tinplate 
or  on  gummed  paper.  It  is  possible 
that  lx)th  shortcomings  might  be  over¬ 
come  by  coating  the  paper  mechani¬ 
cal !  with  a  thinner  and  more  nearly 
urn;  )rm  layer  of  silicone  than  was 
po  ’tie  with  manual  application. 

Commercial  gummea  (dextrine 
mi:  'age)  paper,  previously  saturated 
wi'  linseed  oil,  proved  the  most  con¬ 
vex  it  substrate  for  most  of  the 
pres  it  tests.  Prior  saturation  of  the 
pil'  with  linseed  oil  was  necessary 
I  bci  se  the  layer  of  dextrine  muci- 
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lage  is  readily  permeable  to  the  oil  in 
paints;  if  the  paper  is  allowed  to  draw' 
oil  through  the  dextrine  the  composi¬ 
tion  of  the  paint  coating  is  altered 
undesirably.  Gummed-paper  specimens 
held  most  paints  satisfactorily  for 
1,200  kilowatt-hours  (about  360  hours 
of  ultraviolet  light  with  water  spray 
for  11/2  minutes  in  each  18  minutes), 
by  which  time  all  paints  were  chalk¬ 
ing,  most  of  them  very  freely,  and 
were  greatly  embrittled,  some  to  the 
point  of  cracking.  To  strip  off  the 
free  films  for  testing,  the  specimens 
were  placed  in  a  room  at  80°  F.  and 
97  percent  relative  humidity  for  about 
30  minutes  to  soften  the  oiled  paper, 
plasticize  embrittled  coatings,  and  melt 
the  dextrine  mucilage.  The  films  were 
then  peeled  from  the  oiled  paper  and 
placed  face  down  on  a  glass  plate 
while  any  mucilage  clinging  to  the 
backs  was  quickly  sponged  off  with 
moist  absorbent  cotton.  Alternatively, 
the  specimens  were  placed  on  a  pad 
of  damp  blotting  paper,  paper-side 
down,  and  held  flat  under  the  weight 
of  glass  plates  for  half  an  hour  be¬ 
fore  stripping  off  the  films.  A  few 
very  soft  coatings,  particularly  those 
of  raw  linseed  oil  containing  paint 
drier,  required  a  special  technique  in 
which  the  specimens  w'ere  immersed 
in  water  chilled  to  40°  F.  for  15  to 
30  minutes.  The  films  were  then 
stripped  off  by  loosening  the  film  at 
a  corner  of  the  specimen  sufficiently 
to  insert  a  finger  tip,  by  placing  the 
specimen  coated  side  down  in  the  cold 
water,  and  by  holding  the  film  firmly 
against  the  bottom  of  the  glass  water 
tray  while  the  paper  was  carefully 
peeled  off.  Soft  films  are  very  much 


firmer  at  40°  F.  than  they  are  at 
70°  or  80°  F.  But  too  long  a  soaking 
period  may  blister  coatings  of  paints 
that  swell  greatly,  and  the  blisters  may 
remain  in  the  films  after  they  have 
been  stripped  from  the  substrate. 

Other  Experimental  Procedures 

Tests  were  made  with  32  coating 
materials.  Four  were  clear  (unpig- 
mented)  materials,  namely,  raw  lin¬ 
seed  oil,  bodied  linseed  oil  of  viscosity 
Z3,  bodied  linseed  oil  of  viscosity  Z6, 
and  a  commercial  alkyd-rcsin  paint 
vehicle  said  to  contain  77  percent  dry¬ 
ing  oil  and  16  percent  phthalic  an¬ 
hydride  by  weight.  These  liquids  w'ere 
used  also  for  the  vehicles  of  23  paints 
of  varying  pigmentation  ground  at 
the  Forest  Products  Laboratory.  Of 
the  23  laboratory  paints,  18  were 
practicable  house  paints  and  5  were 
single-pigment  paints  of  scientific  in¬ 
terest  only.  All  of  the  linseed  oils  and 
oil  paints  contained  lead-manganese 
naphthenate  driers;  the  alkyd  resin 
and  alkyd-rcsin  paints  contained  lead- 
cobalt  naphthenate  driers.  The  remain¬ 
ing  5  coating  materials  were  trade- 
brand  paints  purchased  in  Madison  in 
July  1952,  of  which  4  were  products 
of  large  manufacturers  with  national 
distribution  and  1  was  a  so-called 
"breather  type”  or  "blister-resistant” 
paint  made  by  a  smaller  manufacturer. 
All  of  the  commercial  paints  had  the 
formula  printed  on  the  label.  In  this 
report,  the  composition  of  paints  is 
expressed  by  volume  in  the  short  no¬ 
tation  first  described  by  Browne  (5) 
and  recently  described  in  this  Journal 
(6)  and  elsewhere  (7). 


Method  of  applying  coatings  of  controlled  thickness  by  use  of  o  Bird  doctor 
blode  and  suction  plate. 
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For  most  of  the  experiments  re¬ 
ported,  paints  were  applied  with  a 
Bird  film  applicator  or  doctor  blade 
drawn  manually  over  a  substrate  held 
firmly  on  a  Bird  suction  plate.  With 
each  paint,  specimens  were  prepared 
in  pairs,  one  with  a  draw-down  with 
a  blade  that  left  a  coating  nominally 
3  mils  thick  and  the  other  with  a 
6-mil  blade.  Actual  thicknesses,  how¬ 
ever,  varied  appreciably  from  the 
nominal.  When  made  on  gummed 
paper  8  by  101/2  inches  in  size,  such 
coatings  were  31/2  inches  wide  and 
IOI/2  inches  long  and  were  then 
trimmed  to  specimens  31/2  inches  by 
8  inches  by  cutting  off  the  uncoated 


parts  of  paper  and  the  first  and  last 
arts  of  the  draw-down,  which  might 
e  of  unrepresentative  thickness.  When 
made  on  tinplate  the  coatings  covered 
nearly  all  of  the  surface  of  3%  by 
5l/g  inch  specimens,  which  were  not 
trimmed  after  coating. 

Although  the  3-mil  and  6-mil  draw¬ 
downs  made  much  thicker  coatings 
than  are  usually  spread  at  one  time  in 
practical  painting,  most  of  the  paints 
dried  without  wrinkling  and  none 
wrinkled  too  seriously  to  be  accepta¬ 
ble  for  testing.  The  clear  liquids,  how¬ 
ever,  wrinkled  too  badly  for  use. 
Clear  liquids,  therefore,  were  applied 
by  brushing  in  a  sufficient  number  of 


successive  thin  coats  to  build  coatings 
thick  enough  for  the  purpose.  Some 
of  the  paints  for  preliminary  tests 
were  also  applied  by  brushing.  In 
brush  application,  coating  materials 
were  always  spread  by  stroking  both 
longitudinally  and  crosswise  for  ev-n 
application,  but  care  was  taken  to  see 
that  the  brushing  ended  with  longi¬ 
tudinal  strokes  over  all  portions  of 
the  areas  coated. 

For  exposure  to  weathering,  speci¬ 
mens  of  coatings  on  tinplate  and  on 
siliconed  paper  were  fastened  with 
weather-resistant  pressure  tape  to 
sheets  of  aluminum-painted  plywood 
that  were  attached  to  outdoor  t.st 


Table  1. — The  behaTior  of  fire  kinde  of  filae  When  soaked  eontinueuely  in  dietllled  water  at  69*5*  fl 
for  periode  of  time  up  to  49  dare 

The  fllBB  were  1.5  by  2.5  inohes  in  site,  of  the  thioknees  indicated  below,  and  were  9  days  old 
when  they  were  str^pped  from  gumaed-paper  substrates  and  submerged  under  distilled  water. 

MegatiTe  walues  for  swelling  after  redrying  mean  that  the  film  shrank  to  less  than  the  area 
before  immersion. 
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Raw  linseed  oil  containing  lead-manganese  drier 

Thickness  3.4  mils,  initial  weight  195.5  milligrams  ttohicknese  6.5  mils,  initial  weight  371.4  milligrams 
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20 

II 

45 

1 

5 

1 

-2.5 

1 

12.5 

:: 

65 

1 

6 

1 

-1.1 

1 

18.5 

32 

II 

149 

1 

12  • 

1 

-1.8 

1 

22.8 

II 

137 

1 

14 

1 

♦1.1 

1 

18.1 

49 

II 

148 

1 

9 

•  • 

•  •  • 

33.8 

II 

280 

1 

18 

•  • 

.: 

38.9 

Paint  L.  p/nw  0.30  (white  lead  paint) 

Thickness  2.8  mils,  initial  weight  miixiCTsms  1 i Thick ness~g72  mils,  initial  weight  1034  milligrams 


3 

II 

27 

1 

10 

1 

.5 

1 

6.8 

II 

21 

1 

5 

e 

e 

.6 

1 

13.0 

6 

II 

37 

1 

17 

1 

2.1 

1 

7.8 

II 

: 

7 

1 

.2 

1 

13.9 

12 

It 

50 

1 

19 

1 

3.3 

1 

9.9 

1: 

61 

1 

10 

• 

e 

♦ 

.3 

1 

18.5 

20 

II 

57 

1 

22 

1 

4.3 

1 

12.2 

II 

73 

1 

11 

1 

* 

.8 

1 

22.7 

32 

It 

64 

1 

25 

1 

5.7 

1 

12.3 

II 

78 

1 

12 

1 

.8 

1 

23.4 

4» 

II 

74 

1 

24 

1 

6.0 

1 

14.1 

11 

90 

1 

12 

1 

♦ 

.9 

e 

21.8 

Paint  T420.  P/ 

'nr  0. 

30  (anatase 

titanium 

dioxide  paint) 

Thickness  2.1  mils,  initial  weight  141.6  milligrams  ttThicknese  4.9  mile,  initial  weight  705.5  milligrams 


3 

II 

59 

1  20 

1  ♦1.8 

1 

6.2 

1! 

72 

1 

11 

1  -  .7 

1  7.1 

6 

It 

87 

1  35 

1  ^4.2 

1 

7.6 

II 

114 

1 

17 

1  ♦  .5 

:  9.4 

12 

II 

92 

1  39 

1  ^6.0 

1 

11.6 

1: 

152 

1 

22 

1  ^1.4 

I  14.5 

20 

II 

96 

1  43 

1  ^3.1 

1 

14.9 

II 

158 

1 

21 

t  ^2.0 

1  19.9 

32 

II 

95 

1  40 

1  ♦  .4 

1 

21.2 

1: 

177 

1 

21 

1  ^2.8 

:  23.5 

II 

79 

1  28 

1  -2.9 

1 

30.6 

II 

158 

1 

20 

1  ♦5.0 

:  34.1 

Paint  Z.  o/nw  0.30  (tine 

oxide 

paint) 

Thickness  2.5  mils,  initial  weight  363.2  milliCTsms  iiThickness  sTb  mils,  initial  weight  Bll.PmilligrisaQ 


3 

II  59 

1  70 

*  25 

1  10.1 

1 1 

284 

1 

47 

1  16 

I  12,7 

6 

•••••••••• 

.1 . 

.11 

400 

1 

68 

1  26 

1  17.7 

12 

•••••••••• 

.1 . 

416 

1 

68 

t  25 

1  20.3 

20 

•••••••••• 

.1 . 

•••••••••• 

.1: 

362 

1 

61 

1  23 

1  26.0 

32 

•••••••••• 

.1 . 

.11 

342 

1 

58 

1  21 

1  29.9 

49 

. . 

.11 

365 

1 

59 

I  23 

1  35.0 

Paint  1L2oZ2o«  p/nT  O.30  (titanium-lead-tine  paint) 

Ihiekness  12.9  mils,  iniTTal  Weight  352.7  Milligli'em*!  IThldkhess  6.5  mlle."initial  weight  765.0  millir  5!S 


3 

II 

140 

1 

1 

11 

1 

8.2 

II 

239 

1 

28 

1 

8 

6 

II 

143 

1 

42 

1 

13 

1 

9.4 

II 

317 

1 

36 

1 

13 

12 

II 

152 

1 

42 

1 

11 

1 

12.2 

11 

432 

1 

46 

: 

18 

20 

II 

165 

1 

46 

1 

13 

1 

13.8 

II 

425 

1 

41 

1 

16 

32 

II 

180 

1 

46 

12 

1 

17.0 

II 

430 

1 

40 

1 

16 

49 

II 

169 

1 

45 

1 

11 

1 

19.3 

II 

478 

: 

40 

: 

16 

: 


Effects  of  soaking  in  water  and  then  redrying  on  free  films  of  two  different  kinds  of  point. 
The  three  films  in  the  top  row  were  of  titanium-zinc  paint  (TZ®,  p/nv  0.30),  the  three  on 
the  bottom  row  were  of  pore  white  lead  paint  (L,  p/nv  0.30).  The  two  films  in  the  left-hand 
column  were  dry  and  show  the  markings  in  drawing  ink  between  which  length  and  width 
were  measured  accurately  with  a  traveling  microscope.  The  two  films  in  the  center  column 
hod  just  been  taken  from  water  after  soaking  for  three  days  and  were  still  thoroughly  wet. 
The  two  films  in  the  right-hand  column  had  been  soaked  in  water  and  had  then  been  allowed 
to  dry  out  again.  The  rumpled  films  were  flattened  out  for  measurement  by  sandwiching  them 
between  sheets  of  glass. 


racks  facing  south  and  sloped  back  at 
45°  from  the  vertical. 

For  exposure  to  artificial  weather¬ 
ing,  one  set  of  specimens  consisting 
of  five  commercial  and  five  laboratory- 
made  paints  spread  on  gummed  paper 
and  on  siliconed  paper  were  exposed 
continuously  to  ultraviolet  light  from 
a  flaming  carbon  arc  covered  by  a 
globe  of  Corex  D  glass  (Atlas 
Weatherometer)  in  complete  dryness, 
that  is,  without  use  of  water  spray 
at  any  time.  Samples  were  taken  for 
test  after  400,  800,  and  1,600 

kilowatt-hours’  exposure.  The  results 
with  this  run,  in  which  water-soluble 
products  were  allowed  to  accumulate 
in  the  films  until  the  immersion  tests, 
suggested  that  light  without  moisture- 
fails  to  effc-ct  the  visible  changes  in 
paint  that  are  reasonably  representa¬ 
tive  of  natural  weathering.  It  was 
thirefore  decided  to  use  the  water 
spr.iy  in  the  weathering  machine  after 
cquij^ping  the  spray  with  specia;  noz¬ 
zles  that  produced  a  fine  mist  rather 
th.in  jets  of  water  impinging  force¬ 
ful!,  on  the  paint  coating.  The  mist 
dcj "sited  water  gently  on  the  sur- 
lac  in  sufficient  quantity  to  wet  the 
sun. I  s  thoroughly  and  then  to  drain 
do\  over  the  specimens  and  drip 
cop  isly  from  the  bottom  edges.  The 
spe  >ens  were  sprayed  in  that  way 
ab<i  three  times  every  hour.  Loss  of 
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soluble  ingredients  by  such  leaching 
was  measured  by  weighing  spiecimens 
of  coated  tinplate  before  exposure 
and  after  periods  of  400,  800,  and 
1,200  kilowatt-hours  of  exposure. 
Specimens  of  the  coatings  on  gummed 
paper  exposed  simultanc-ously  were 
then  used  for  stripping  films  for 
measurements  of  water  absorption  and 
swelling.  There  was,  however,  further 
loss  of  soluble  ingredients  from  the 
free  films  during  the  immersion  tests. 

The  usual  procedure  with  specimens 
on  gummed  paper  was  as  follows:  Ten 
days  after  the  coatings  had  been 
spread  the  specimens  were  trimmed  to 
31/2  inches  by  8  inches,  as  already 
described.  Then  a  2-inch  length  was 
cut  off  for  testing  before  weathering. 
The  6-inch  specimens  remaining  were 
mounted  in  the  weathering  machine 
and  exposed  for  400  kilowatt-hours 
(about  120  hours),  after  which  an¬ 
other  2 -inch  length  was  cut  off  for 
testing.  A  third  2-inch  length  was  cut 
off  after  800  kilowatt-hours  of  weath¬ 
ering,  and  the  remainder  was  available 
for  testing  after  1,200  kilowatt-hours, 
provided  the  coating  was  able  to  with¬ 
stand  that  much  weathering  without 
cracking  too  seriously  to  be  stripped 
and  tested. 

Free  films,  after  being  stripped 
from  the  substrate,  were  cut  into  test 
specimens  either  2  inches  by  2  inches 


in  size  (for  the  first  run)  or  II/2 
inches  by  21/2  inches  in  size.  It  was 
sometimes  necessary  to  depart  from 
the  preferred  dimensions  when  very 
soft  young  coatings  or  unusually  brit¬ 
tle  weathered  coatings  were  torn  or 
cracked  in  stripping  or  became  cracked 
in  weathering.  As  a  rule,  the  1 1/2-inch 
dimension  was  the  direction  of  strok¬ 
ing  with  brush  or  doctor  blade  dur¬ 
ing  application  and  is  therefore  called 
the  length  of  the  specimen  in  this 
report.  If  the  direction  of  stroking  lay 
otherwise  than  parallel  to  the  1 1/2-inch 
dimension,  the  direction  was  marked 
on  the  specimen  with  black  drawing 
ink.  Suitable  reference  marks  were 
then  ruled  on  the  specimens  in  draw¬ 
ing  ink  to  record  two  places,  approxi¬ 
mately  1  inch  apart  along  the  length 
and  to  points  approximately  1  inch 
apart  along  the  width,  between  which 
length  and  width  could  be  measured 
exactly  before  and  after  immersion  in 
water.  The  specimens  were  then 
placed  in  a  dc-siccator  over  calcium 
chloride  for  at  least  24  hours  to  dry 
them  thoroughly. 

The  dried  specimens  were  weighed 
with  a  chainomatic  analytical  balance. 
They  were  then  sandwiched  between 
II/2-  by  3-inch  microscope  slides  to 
hold  them  flat  while  the  length  and 
width  between  reference  marks  were 
measured  precisely  with  a  traveling 
microscope.  The  lightest  specimens 
weighed  more  than  0.12  gram,  and 
the  heavie.st  no  more  than  1.2  grams; 
weights  were  recorded  to  0.1  milli¬ 
gram.  Length  and  width  were  meas¬ 
ured  to  0.001  inch.  Specimens  were 
then  submerged  in  distilled  water 
held  at  69.5°  F.  in  a  thermostat. 
As  a  rule,  one  3-mil  and  one  6-mil 
film  of  the  same  kind  of  paint  were 
immersed  in  300  ml.  of  water.  Paints 
of  different  kinds  were  immersed  in 
separate  dishes  because  the  water 
comes  to  a  pH  characteristic  of  the 
kind  of  paint  and  the  absorption 
and  swelling  vary  with  change  in 
pH.  Submerged  films  were  weighted 
down  beneath  pads  of  coarsely  woven 
spun-glass  cloth  to  keep  some  of  them 
from  curling  too  seriously. 

Except  when  otherwise  stated,  films 
were  immersed  for  72  hours,  after 
which  they  were  removed,  sandwiched 
between  microscope  slides  while  still 
thoroughly  wet,  and  the  length  and 
width  were  then  remeasured  with  the 
traveling  microscope.  The  wet  films 
were  then  pressed  lightly  bc-tween 
pieces  of  dry  blotting  paper  or  of 
paper  toweling  to  remove  free  water 
from  the  surfaces  and  reweighed  as 
rapidly  as  possible,  always  well  within 
I  minute  after  blotting,  with  the 
chainomatic  balance.  The  films  were 
then  allowed  to  dry  in  the  laboratory 
for  2  or  3  hours  and  were  then  placed 
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in  a  desiccator  over  calcium  chloride 
for  at  least  30  hours.  The  films  were 
then  weighed  for  the  third  time  and, 
when  the  data  were  desired,  the  length 
and  width  were  measured  for  a  third 
time. 

There  was,  of  course,  an  experi¬ 
mental  uncertainty  in  the  second 
weighings  while  the  swollen  films 
were  still  wet  owing  to  the  fact  that 
water  was  being  lost  by  evaporation 
during  progre-ss  of  the  weighings.  A 
tedious  procedure  leading  to  a  differ¬ 
ent  end-point  has  been  proposed  {21 ) 
for  dealing  with  this  difficulty,  but 
the  method  used,  which  is  similar  to 
those  of  other  careful  workers  {17) 
was  cohsidered  preferable  because  the 
uncertainty  was  found  to  be  a  negli¬ 
gibly  small  fraction  of  the  differences 
among  paints. 

The  difference  between  the  first  and 
the  last  weighing  of  a  film  gave  the 
weight  of  water-soluble  ingredients 
extracted  during  the  period  of  immer¬ 
sion  in  water,  represented  hereafter  by 
S.  The  difference  between  the  second 
and  the  third  weighing  gave  the 
weight  of  water  absorbed  by  the  film 
and  still  retained  after  loss  of  the 
water-soluble  ingredients,  represented 
hereafter  by  A.  The  swelling  in 
length,  AL,  and  in  width,  AB,  was 
obtained  from  the  differences  between 
the  first  and  the  second  measurements 
of  those  dimensions.  The  increase  in 
area  of  the  marked  portion  of  the 
film  is  represented  by  aQ.  On  re¬ 
drying,  most  films  shrank  only  part 
of  the  way  back  to  their  initial 
dimensions. 

Preliminary  Tests 

1.  Table  1  shows  that  fre-e  films 
of  linseed  oil  and  oil  paints  when 
continuously  submerged  in  distilled 
water  for  49  days  undergo  changes 
all  the  time  and  fail  to  reach  a  condi¬ 
tion  of  equilibrium.  The  five  coating 
materials  were  selected  to  represent 
widely  different  behavior.  For  each 
material  two  large  specimens  on 
gummed  paper  were  prepared,  one 
applied  with  the  3-mil  and  the  other 
with  the  6-mil  doctor  blade  except 
for  the  clear  linseed  oil,  which  was 
applied  by  brushing.  After  8  days  for 
hardening,  six  small  specimens  were 
cut  from  each  large  specimen,  marked, 
and  dehydrated  over  calcium  chloride. 
On  the  ninth  day  they  were  weighed 
and  measured,  and  each  set  of  six 
matched  specimens  was  submerged  in 
its  own  dish  of  distilled  water  held  at 
69.5°  F.  At  each  of  the  prescribed 
periods  of  immersion  recorded  in  table 
1,  one  specimen  was  drawn  from  each 
matched  set  to  be  weighed  and  meas¬ 
ured  while  wet,  redried  over  calcium 
chloride,  and  weighed  and  measured 
again. 


None  of  the  films  ever  reached  a 
long  period  of  constancy  in  weight 
and  dimensions.  The  general  course 
of  events  was  a  steady  gain  in  absorp¬ 
tion  of  water  and  swelling  until 
maxima  were  reached,  after  which 
absorption  and  swelling  declined.  The 
6-mil  films  of  the  two  paints  that 
contained  zinc  oxide  attained  their 
maxima  relatively  early,  perhaps  at  12 
days,  although  the  thinner  film  of 
titanium-lead-zinc  paint  continued  to 
absorb  and  swell  until  the  thirty- 
second  day.  The  other  paints  and  the 
clear  linseed  oil  did  not  reach  their 
maxima  before  the  twentieth  to  thirty- 
second  day.  Some  of  them  gave  the 
highest  readings  on  the  forty-ninth 
and  last  day  of  test,  but  it  may  be 
presumed  that  on  still  longer  immer¬ 
sion  they,  too,  would  begin  to  decline. 
On  the  other  hand,  the  loss  of  water- 
soluble  ingredients  by  films  of  all 
kinds  and  thicknesses  continued 
steadily  upward  throughout  the  49 
days  of  test  except  for  the  pure  white 
lead  paint,  for  which  the  solubility 
was  nearly  constant  from  the  twentieth 
to  the  forty-ninth  day.  When  redried 
after  immersion,  the  two  paints  con¬ 


taining  zinc  oxide  retained  a  large 
part  of  the  great  increase  in  area  they 
had  experienced  during  immersion. 
Paints  and  oil  that  did  not  swell  so 
much  in  water,  on  redrying,  shrank 
more  nearly,  though  seldom  quite,  to 
their  original  dimension;  occasionally 
a  zinc-free  paint  and  frequently  a 
clear  oil  film  shrank  back  to  less  th  in 
its  initial  length  and  width  (indicati  d 
in  table  1  by  minus  signs).  Loss  of 
water-soluble  ingredients  readily  ic- 
counts  for  such  shrinkage. 

The  course  of  the  absorption, 
swelling,  and  leaching  in  water  si  g- 
gests  no  one  period  of  immersion 
that  is  more  significant  than  any  oth  r. 
For  the  rest  of  this  study  a  soak'  ig 
period  of  72  hours  was  selected  be¬ 
cause  it  has  been  used  by  some  pn  \  i- 
ous  workers,  is  short  enough  for  r  a- 
sonable  convenience  in  the  conduct  of 
the  tests,  and  is  not  so  long  as  to  p  r- 
mit  unduly  serious  chemical  changes 
in  the  films  while  they  are  be  ng 
tested. 

2.  The  temperature  of  the  water  in 
which  paint  films  arc  immer-ed 
markedly  affects  their  absorption, 
swelling,  and  solubility,  as  is  shi  vn 


Table  2«— Effect  of  temperature  of  soaking  water 
on  absorption,  swelling,  and  solu¬ 
bility  of  films 


The  films  were  2  by  2  inches  in  size,  of  the  thick¬ 
ness  indicated  below,  and  were  nearly  3  months  old 
(stored  indoors  in  a  dry,  dark  place)  when  they  were 
stripped  from  the  substrates  and  tested  by  immersion 


in  water  for 

j 

72  hours. 

Temperature 

V;ater 

Swelling 

Solubility 

of  soaking 

absorbed 

( Increase 

(Leached  out 

water 

(A) 

in  area) 

by  water) 

(AQ) 

(s) 

!£• 

Milligrams 

Percent 

flilligrams 

Paint  L,  p/nv  0.30 

(white  lead  paint); 

thickness  6.8  mils^  initial  weight 

1,207  milligrams 

\ 

33  to  36 

9 

1.3 

2.2 

72  to  75 

20 

2.2 

6.8 

88  to  98 

34 

2.6 

12.6 

Paint  TZon*  p/nv  0.30  (titanium-zinc  paint); 

thickness  7.7  mils,  initial  weight 

878  milligrams 

33  to  36 

103 

7 

6.5 

72  to  75 

369 

34 

18.1 

88  to  98 

519 

78 

48.5 

112 
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in  table  2.  In  water  at  88°  to  98°  F. 
(near  body  temperature)  the  changes 
in  films  of  titanium-zinc  paint  were 
5  to  10  times  as  great  as  they  were 
ill  water  at  33°  to  36°  F.  (near 
fi  ezing).  For  pure  white  lead  paint, 
which  is  a  more  resistant  paint  to 
w  itcr,  the  effect  of  temperature  was 
S(>inewhat  less  marked,  but  the  ab- 
st  rption,  swelling,  and  solubility  at 
til-'  highest  temperature  were  still  2 
ti:  6  times  those  at  the  lowest  tem¬ 
pi  rature.  It  was  therefore  necessary 
in  all  subsequent  tests  to  hold  the 
water  at  constant  temperature  during 
immersion  tests  by  keeping  the 
dishes  in  a  closely  controlled  water 
tliermostat. 

3.  The  degree  of  acidity  or  alka¬ 
linity,  measured  customarily  in  terms 
of  pH,  and  the  presence  of  soluble 
salts  in  the  water  in  which  paint  films 
arc  immersed,  greatly  modify  the  ab¬ 
sorption  of  water,  swelling,  and  solu¬ 
bility  of  paints  that  contain  zinc  oxide, 
although  the  effects  are  less  on  paints 
that  contain  much  white  lead.  Table  3 
records  tests  made  with  films  of  pure 
white  lead  paint  and  of  a  titanium- 
zinc  paint  immersed  in  solutions  buf¬ 
fered  with  mixtures  of  citric  acid  and 
sodium  phosphate  to  hold  the  pH  at 
6.0,  7.0,  and  8.0  with  approximately 
0.03  moles  of  solute  per  liter,  and  at 
pH  7.0  with  double  that  concentra¬ 
tion  of  solute.  With  white  lead  paint 
I  the  absorption  of  water  was  slightly 
greater  at  pH  7.0  than  at  pH  6.0  or 
8.0,  but  there  was  little  or  no  effect 
on  the  swelling;  solubility  was  very 
low  at  pH  7.0  and  increased  with  pH, 
hut  it  was  still  moderate  at  pH  8.0.  A 
small  quantity  of  buffer  salts  remained 
in  the  films  after  they  were  removed 
from  the  solutions  and  dried,  the 
amount  of  which  was  determined  by 
soaking  the  films  in  distilled  water 
for  24  hours  and  '  then  drying  and 
weighing  them  again. 

The  films  of  TZ  paint  were  seri¬ 
ously  affected  at  pH  7.0  and  8.0  in  a 
i  manner  suggesting  break-down  of  the 

I  gel  structure.  The  films  soon  became 
softened,  the  surfaces  became  tacky 
enough  to  stick  together  where  they 
came  in  contact,  and  there  was  obvious 
dislodgment  of  both  pigment  and 
vehicle  from  the  surfaces.  It  was 
found  possible  to  measure  absorp¬ 
tion  and  swelling  only  for  the  first 
19  hours  of  immersioti  at  pH  7.0  or 
8.(j  Swelling  apparently  did  not  vary 
gn  itly  with  pH,  but  the  absorption  of 
wat.ii  varied  greatly  but  unsystemati- 
cal',  Solubility  increased  greatly  with 
pi  I  except  for  an  anomaly  in  the 
me  concentrated  buffer  solution  of 
pi'  ^.0,  where  adequate  differentia- 
tio  between  leaching  of  film  sub- 
1  st.i!  e  and  retention  of  buffer  salts  in 
th  film  proved  experimentally  diffi- 

Jt  RNAL  of  FPRS 


Table  3»-- Effect  of  pH  (degree  of  acidity  or  alkalinity) 
of  soaking  water  on  absorption,  swelling, 
and  solubility  of  films 


The  films  were  2  by  2  inches  in  size,  of  the  thickness  indicated 
below,  and  were  nearly  3  months  old  (stored  indoors  in  a  dry,  dark 
place)  vdien  they  were  stripped  from  the  substrates  and  tested  by 
immersion  in  buffer  solutions  (citric  acid  and  sodium  phosphate)  of 
the  pH  and  concentration  indicated}  temperature  72°  to  75°  F. 


Soaking  solution  :■ 

Water 

absorbed 

(A) 

:  Swelling  : 

:  (^Q)  : 

_ l-L-ij- _ 

iSolubil- 

Buffer 

salts 

absorbed 

pH 

Concentra-  : 

: (leached 

buffer  salts: 

In  19  :In  72 
hours  : hours 

{hours  : hours  : 

: solution) 

:  (S) 

Moles  per  ; 

Milli-tMilli- 

:  Per-  :  Per-  ; 

:  mii- 

Milli- 

liter  ; 

grams  :  grams 

:  cent  :  cent  : 

:  grams 

grams 

Paint  L,  p/nv  0«30  (white  lead  paint); 
thickness  d>0  mils,  weight  1,067  milligrams 


6,0  : 

0.030 

::  11  : 

29  ; 

:  1.9  :  2,9 

;  1.2 

3.1 

7.0  : 

.033 

::  16  : 

33  : 

;  1.6  :  3.3 

:  8.5 

3.7 

7.0  : 

,066 

::  14  : 

43  : 

:  1.7  :  2.4 

:  9.8 

3.2 

8.0  : 

.036 

: :  6  : 

41  : 

;  1.9  ;  3.6 

:  13.4 

3.2 

Paint 

TZon.  p/nv  0,30  (titanium-zinc 

paint) } 

thickness  4»7  mils,  weight  534  milligrams 


6.0 

,030 

::  141 

:  242  ::  22 

33.2  : 

:  40  : 

7.0 

:  .033 

::  90 

:  (1)  ;:  22 

(1)  : 

:  71  ; 

7.0 

:  .066 

218 

:  (1)  28 

(I)  : 

:  0  : 

8.0 

.036 

::  184 

:  (1)  ::  27 

(I)  : 

:  U4  : 

iln 

solutions 

of  pH  7.0 

or  pH  8,0,  films 

of  TZ  paint  after 

3.7 


39.4 

16,2 


acquired  such  soft  and  tacky  surfaces  that  they  were  no  longer 
manageable  for  weighing  and  measuring  while  still  wet. 


Table  4. .—Loss  in  weight  and  shrinkage  of  free  films  of  five  kinds 
when  allowed  to  stand  53  days  in  the  laboratory  in 
preparation  for  tests  reported  in' table  5 

The  films  were  1,5  by  2,5  inches  in  size,  of  the  thickness  indicated, 
and  were  7  days  old  when  stripped  from  gummed  paper  substrates, 
marked,  weighed,  and  measured,  after  which  they  stood  53  days  before 
making  final  weighings  and  measurements,  (Intermediate  observations 
were  made  but  are  not  tabulated, ) 


Kind  of  film 


Thick-  : Initial ;Lo38  in:  Shrinkage  in — 


: 

ness 

: weight 

:weight 

- — _ 

:of  film 

:of  film: 

: Length 

:  Width 

:Area 

; 

Mils 

:  Milli- 

iMilli- 

: Percent 

: Percent: Per- 

: 

: grans 

: grams 

5 

:cent 

Linseed  oil  and  drier  : 

3.4 

:  192 

:  4.9 

:  1.9 

:  2.2 

:  4J. 

s 

6,1 

:  347 

:  7.5 

:  1.6 

:  1.4 

:  3.0 

Paint  L,  p/nv  0,30  : 

2.9 

:  482 

:  3.6 

:  .9 

*  .9 

:  1.8 

s 

6.1 

:  1,013 

:  5.2 

:  1.2 

;  1.4 

:  2.6 

Paint  p/nv  0.30  : 

2.1 

:  312 

:  5.7 

:  2.0 

:  1.8 

;  3.8 

4.8 

:  696 

:  9.5 

:  2.7 

:  2,5 

:  5.3 

Paint  Z,  p/nv  0,30  : 

2.2 

:  326 

:  1.9 

:  .4 

:  .7 

:  1.1 

5 

5.5 

:  800 

:  3.7 

;  1.1 

:  1,1  - 

;  2.2 

Paint  TL20Z20*  P/^^  0,30: 

2.9 

:  349 

:  2.9 

:  .8 

:  1.2 

:  2.0 

6.6 

:  782 

:  .2 

:  .6 

:  1.1 

;  1.7 

113 


cult.  The  quantity  of  buffer  salts  re¬ 
tained  in  the  film  after  removal  and 
drying  was  much  greater  at  pH  7.0 
and  pH  8.0  than  at  pH  6.0. 

In  another  experiment  a  film  of  the 
TZ  paint  of  initial  weight  of  483  mil¬ 
ligrams  was  immersed  in  distilled  wa¬ 
ter  for  23  hours,  when  the  absorption 
was  found  to  be  117.3  milligrams 
(uncorrected  for  loss  by  leaching), 
and  the  swelling  was  20.7  percent. 
While  still  wet,  the  film  was  then 
immersed  for  24  hours  in  water  kept 
saturated .  with  sodium  chloride.  The 
film  lost  all  of  its  absorbed  water 
together  with  a  loss  of  12.9  milli¬ 
grams  by  leaching  while  in  the  satu¬ 
rated  salt  solution,  but  it  shrank  back 
only  part  way,  to  a  net  gain  over  the 
original  area  of  4.3  percent. 


fable  5 »— -If feet  of 


Only  a  few  exploratory  tests  have 
been  made  so  far  on  the  composition 
of  the  soaking  water  after  films  of 
paints  have  been  soaked  in  distilled 
water  for  3  days.  It  has  been  tenta¬ 
tively  observed,  however,  that  the 
soaking  water  after  contact  with  pure 
white  lead  paint  comes  to  pH  7.2, 
approximately,  and  contains  only 
enough  soluble  lead  compounds  to  be 
slightly  discolored  by  hydrogen  sulfide 
without  precipitating  an  observable 
amount  of  lead  sulfide.  The  soaking 
water  from  pure  zinc  oxide  paint 
comes  to  pH  5.7,  approximately,  and 
contains  enough  soluble  zinc  com¬ 
pounds  to  yield  a  copious  precipita¬ 
tion  of  zinc  sulfide  with  hydrogen 
sulfide.  The  soaking  water  from  pure 
titanium  dioxide  paint  comes  to  a  pH 


lower  than  5.2  and  is  unaffected  by 
hydrogen  sulfide. 

The  pronounced  effect  of  pH  on  the 
behavior  of  many  paints  made  it  ad¬ 
visable  to  use  only  distilled  water  for 
subsequent  soaking  tests  and  to  avoid 
immersing  films  of  more  than  one 
kind  of  paint  in  any  one  dish  of  dis 
tilled  water. 

4.  To  observe  the  rate  at  which 
films  of  coating  materials  change 
while  kept  under  ordinary  room  con 
ditions,  the  five  materials  reported  in 
tables  4  and  5  were  applied  to 
gummed  paper,  each  in  nominal  3- 
mil  and  in  nominal  6-mil  thickness 
Films  were  stripped,  cut  to  size,  an  i 
marked  after  7  days  of  drying,  which 
was  about  the  earliest  age  at  which 
all  of  them  were  hardened  enough  K) 


feet  of  aging  during  ■torage  IndoorB  on  the  absorption  of  water,  ■welling,  recovery  after 
rearylng.  aiJ  eolubllity  ^  fllae  of  five  tlnde  of  eoatlng  materleli  ‘ 

The  filaa  were  1.5  by  2.5  inohee  in  alee,  of  the  thleknese  indloated,  were  stripped  from  gummed  paper 
7  days  after  application,  and  were  then  stored  for  the  additional  times  recorded  in  the  first  column 
before  testing  by  immersion  in  distilled  water  at  69.5*  F.  for  72  hours.  Megatiye  values  for 
swelling  after  redrying  mean  that  the  film  shrank  to  less  than  the  area  before  immersion. 


Time  in 


XT 

t : 


Thinner  films 


t: 


Thioker  films 


storage  after  1 1- 
stripping 
before  test 
by  immersion 


Water 

absorbed 


(A) 


:  Swelling 

l  (Inorease  in  area) 

t. 

:ln  water  i  Redyied 

:  (A4) 

:• 


t  Redrii 
t  (AQi) 


:8olubilitytt 
t  (Leaohed  tt 
:  out  by  : : 

:  water)  : : 

t  (s)  tt 

:t- 


Water  t 
ab sorbed t 


Swelling  t Solubility 

(Increase  in  area)  t  (Leached 

- - - _i  out  by 

In  water  t  Redried  t  water) 

(^kQ)  t  (dQ!)  t  (8) 

,  — . — - - 

Days  ttWilligramst  Percent  t  Percent  tMilligramst tMilligramst  Percent  t  Percent  tWilligrama 
Linseed  oil  containing  lead-manganese  drier 

Thickness  3.b  mils,  initial  weight  l9Z  milligrams  tt  Thickness  6.1  mils,  initial  weight  353  milligrams 


(A) 


0 

tt 

28 

5 

t 

-1.5 

t 

7.2 

tt 

37 

• 

5 

t 

-1.4 

t 

10.0 

5 

tt.. 

•  •  •  • 

•  •  •  • 

•  •  • 

..t: 

25 

t 

5 

t 

-  .4 

10.6 

12 

tt 

20 

t 

3 

t 

-  .7 

t 

5.8 

tt 

22 

4 

t 

-1.9 

t 

8.3 

22 

tt 

17 

t 

4 

t 

-1.3 

t 

6.7 

tt 

27 

t 

3 

t 

-1.9 

10.5 

33 

tt.. 

•  •  •  • 

..tt 

28 

t 

3 

: 

-1.8 

t 

11.9 

53 

tt 

81  • 

t 

io 

t 

-  .9 

10.8 

tt 

30 

t 

5 

t 

-2.4 

12.2 

Thickness  2.9  mils,  initial 


Paint  L.  p/nv  0.30  (white  le^  paint) 
weight  461  milligrams  tt  Thickness  6.1  m 


ils.  initial  weitdit  1023  milligrams 


0 

tt 

27 

t 

9 

t 

♦  .3 

t 

6.7 

t: 

33 

5 

tt 

20 

t 

6 

t 

*  .4 

t 

7.1 

tt 

12 

tt 

19 

t 

7 

t 

0. 

t 

6.1 

tt 

28 

22  . 

tt 

15 

t 

6 

-  .2 

t 

6.3 

tt 

25 

33 

tt 

14 

: 

5 

t 

-  .7 

t 

7.4 

tt 

27 

53 

tt 

15 

t 

4 

-1.1 

t 

6.4 

tt 

24 

.6 

.8 

.7 

.7 

.8 

.8 


9.7 

10.8 

11.9 

12.6 

12.8 

12.3 


Paint  TuaOt  P/nv  0.30  (anatase  titanium  dioxide  paint) 

Thickness  2.1  mile,  initial  weignt  jlo9  mixligrams  it  Thickness  4.o  mils,  initial  weight  706  milligrams 


0 

tt 

52 

t 

19 

t 

♦1.3 

t  7.0 

74 

t 

10 

t 

-  .6 

t 

10.0 

5 

tt 

47 

t 

18 

t 

♦  .8 

t  2.6 

67 

: 

10 

t 

—  pB 

t 

11.1 

12 

tt 

44 

t 

16 

t 

+1.1 

»  5.3 

66 

t 

9 

t 

-  .3 

t 

10.3 

22 

tt 

39 

t 

15 

t 

+  .7 

t  6." 

67 

t 

9 

t 

-  .2 

t 

12.6 

33 

tt 

35 

t 

13 

t 

0 

t  7. 

t  64 

t 

9 

t 

-  .5 

t 

12.1 

53 

tt 

32 

t 

10 

t 

-  .6 

t  e 

tt  103 

t 

10 

t 

0 

t 

17.1 

Paint  Z.  p/ 

nv  0.30  (ti- 

oxide  paint] 

Thickness 

2.2 

nils. 

initial  we 

Ighf  316  mill 

igrams 

Thickness  J 

\5  Pils. 

initial  weight 

795  milligram 

0 

1 1 

68 

t 

40 

t 

3 

332 

t 

58 

t 

25 

t 

14.7 

5 

tt 

56 

t 

38 

t 

4 

283 

: 

55 

: 

24 

• 

13.9 

12 

t: 

62 

t 

38 

t 

7 

t 

251 

t 

45 

t 

17 

t 

11.1 

22 

tt 

61 

t 

36 

t 

7 

230 

t 

41 

t 

17 

t 

12.4 

33 

61 

t 

34 

z 

7 

230 

z 

40 

t 

16 

• 

9.0 

53 

tt 

61 

t 

31 

t 

6 

t  217 

t 

37 

t 

16 

t 

10.2 

Paint 


Thickness  2.9  mils,  initial  weight 


p/ny  0.30  .> 
I  milligrams 


tt  Thickness  ^.6  mils,  initial  weight  791  milligrems 


0 

ll 

22 

33 

53 


tt 
tt 
tt 
tt 
1 1 
tt 


167 

137 

125 


79 


47 

t 

16 

10.5 

1 1 

245 

t 

31 

t 

11 

17.3 

42 

t 

14 

t 

7.0 

tt 

203 

t 

24 

t 

7 

t 

12.6 

34 

t 

10 

t 

4.8 

tt 

178 

t 

18 

t 

5 

t 

10.9 

28 

t 

8 

t 

4.4 

tt 

160 

t 

18 

t 

6 

t 

10.1 

26 

t 

7 

t 

5.4 

tt 

144 

t 

16 

t 

4 

t 

9.7 

24 

t 

8 

t 

4.9 

tt 

124 

t 

15 

t 

5 

t 

10.0 

114 


DECEMBER,  I 


•  e  processed  without  damage.  Six 
, latched  specimens  for  each  material 
ad  thickness  were  prepared,  weighed 
nd  measured,  and  then  allowed  to 
•st  on  a  table  top  near  a  closed 
indow  of  the  laboratory  with  north- 
rn  exposure.  From  each  set  of 
latched  specimens  one  was  taken 
nmediately  and  one  after  5,  12,  22, 


33,  and  53  days,  respectively,  for  test 
by  immersion  in  distilled  water  for 
3  days. 

All  films  except  the  6-mil  films  of 
paint  FLjqZjo  lost  in  weight  and 
shrank  progressively  throughout  the 
period  of  storage  before  immersion  in 
water.  The  6-mil  films  of  paint 
TLjqZjo  gained  slightly  in  weight  for 


33  days  and  swelled  in  area  for  5 
days  before  they  began  to  decrease  in 
weight  and  dimensions.  All  of  the 
changes,  however,  were  small  when 
compared  with  the  changes  most 
paints  undergo  when  immersed  in 
water.  Table  4  records  the  changes  at 
the  end  of  the  53-day  storage  period. 
Differences  among  the  coating  mate- 


Table  6«— Absorption  of  water  by  free  films  of  different  coating  materials  during  72-hour 
iMierslon  In  dlstlllea  vAter  at  both  before  and  after  exposure 

of  the  fliya  to  art If lelal  weathering,  expressed  In  peroentage  o^  tEe 
weight  of  linseed  oil  in  the  fllaa 

The  films  were  1.5  by  2.5  Inohes  in  else,  of  the  thickness  Indicated,  and  were  prepared 

on  gummed  paper.  After  10  days  for  hardening,  samples  were  stripped  for  the  Immersion 

test  before  weathering  and  the  rest  were  exposed  to  ultraviolet  light  and  periodic 

water  spray  In  a  weathering  machine.  Further  samples  were  stripped  for  Immersion  tests 

after  400,  800,  and  1^0  kilowatt  hours  of  exi>oeur^  respectively.  The  weight  of  linseed 

oil  In  a  1.5-  by  2.5-lneh  film  3.0  nils  thick,  Vq,  Is  171  milligrams;  In  a  paint  of 

p/nv  0.30  it  is  120  milligrams,  p/nv  0.36  It  Is  109  milligrams,  p/nv  0.40  It  Is  102  milligrams* 


Coating 

material 


Pigment t 
volume; 

in  t 
paint  t 
p/nv  ; 

t 

t 


i 


Thinner  films 


Thicker  films 


: Initial: Absorption  of  water,  t llnltlal:Absorptlon  of  water,  A/Wo, 
:thlek-:  A/Mo,  after  exposure  i:  thlok-iafter  exposure  for 
:  ness  tfor  Indicated  number  oft:  ness  :  Indicated  number 
:  S  kilowatt-hours  ! 5  :  of  kilowatt-hours 

; - : - 

:  0  :  400  t  800  :  \200::  :  o  :  4oo  :  800  :  1200 

It - : - ; - ; - ; - :: - : - : ; 1 - 


; :  Mils  :  Percent  of  the  oil  In  : :  Mils 
::  :  film,  by  weight  t: 

Croup  1  -  TJhplgnented  coating  materials 


Percent  of  the  oil  In  film 
by  welgKF 


Raw  linseed  oil 

0 

:  i 

4.8 

32 

t, 

•  a  • 

^  1 

62 

1 

42 

t : 

6.5  : 

21 

t 

11 

t 

12 

• 

12 

Bodied  linseed. 

Z3 

t 

0 

!  I 

6.3 

: 

9 

5 

• 

16 

1 

22 

t: 

15.5  » 

4 

t 

5 

t 

6 

t 

8 

Bodied  linseed. 

Z6 

i 

0 

t : 

6.4 

7 

t 

11 

I 

16 

1 

33 

t : 

16.0  : 

3 

t 

4 

: 

6 

t 

8 

Alkyd  resin 

t 

0 

:i 

4.1 

t 

8 

t 

6 

i 

10 

t 

13 

: : 

7.6  t 

6 

t 

4 

: 

5 

: 

7 

Croup  2  -  Linseed  oil  paints  free  from  tine  oxide 


Magnesium  silicate 
Calolum  carbonate 
L 
L 

TL40 

TL40 

*420 

*420 

Average  for  gr«ap  2 


I 

0.30 

t : 

3.5  * 

125 

t 

15 

:. 

7.6 

63  : 

15  t 

19  : 

.30 

t : 

2.8  : 

83 

: 

25 

: 

13  :  13  :« 

6.5 

126  t 

24  : 

10  t 

.30 

t : 

3.0  1 

18 

t 

26 

: 

29  :  28  :: 

6.4 

12  : 

11  : 

13  : 

.36 

1 1 

2.4  : 

20 

47 

t 

25  t  40  :: 

4.9 

12  : 

20  : 

29  : 

.30 

1 1 

3.1  » 

74 

1 

13 

: 

13  : . 

6.5 

44  : 

13  t 

9  : 

.40 

{ 1 

2.6  : 

58 

: 

22 

I 

25  . . . 

5.6 

34  1 

20  t 

13  : 

.09 

X : 

3.1  » 

26 

23 

18  : . t: 

4.2 

20  : 

32  : 

12  : 

.30 

; ; 

2.1  : 

« 

t 

if  . 

4.7 

I§  * 

’ 

Croup  3  -  Alkyd-resln  paints 


23 

9 

15 

27 

7 

14 
10 
10 

15 


*(are) 

t 

.30  :: 

3.4  :  44 

t  18  t  12 

j  9  :! 

4.6 

:  42  t 

23  :  19  : 

17 

T( are) 

.36  ti 

2.9  J  57 

:  32  :  13 

:  10  : : 

3.9 

:  73  : 

32  :  27  : 

12 

T(are) 

t 

..40  u 

2.9  *  79 

:  29  :  14 

:  13  :: 

4.3 

:  79  : 

39  :  26  : 

13 

Croup  4  - 

Linseed 

oil  paints 

containing 

sine  oxide 

and 

of  p/nv 

0.30 

Z 

a 

a 

.30 

<:  2.6  t  149  :  114  t  67  :  67  t: 

5.9 

t 

96  t 

40  t 

25  t 

20 

LZ37 

TL50Z30 

t 

t 

.30 

.30 

::  3.2  :  100  t  69  ; . : . :: 

::  3.2  t  130  t  68  :  43  t  28  :: 

6.6 

6.6 

t 

70  t 

84  : 

32  t 
40  : 

21  t 

20  : 

23 

15 

TL30Z25 

.30 

tt  3.2  t  130  1  81  t  54  :  62  tt 

6.8 

t 

78  t 

39  t 

22  t 

19 

*L20Z20 

.30 

t:  3.3  *  127  :  61  :  4i  :  37  :: 

6.7 

: 

86  t 

37  t 

22  ; 

16 

*LioZio 

t 

.30 

**  3.3  *  154  t  59  t  51  :  48  :: 

6.3 

t 

96  t 

36  t 

24  ; 

16 

TZ20 

Average 

for  group  4  * 

.30 

::  3.3  s  W  »  90  :  75  :  71  :: 

::  :  154  :  77  :  55  :  J?  :: 

6.8 

I 

46  : 
37  t 

Croup  5  - 

Linseed  oil  paints  oontalnlng  sine  oxide 

and  of  p/nv  0 

.30  or 

0.40 

TL30Z25 

t 

.36 

M  2.6  t  I4l  ;  85  ;  70  t . tt 

5.6 

t 

69  t 

47  t 

26  t 

21 

*L20Z20 

I 

.36 

tt  2.7  t  148  t  79  t  51  t  46  tt 

5.6 

t 

36  t 

49  t 

26  t 

24 

TLioZio 

t 

.36 

tt  2.9  t  142  t  62  t  49  t  45  tt 

6.1 

t 

82  t 

39  t 

23  t 

17 

*Z20 

t 

tt  3.0  t  178  t  82  t  70  t  61  tt 

5.9 

t 

106  t 

59  t 

46  t 

43 

TZ20  t 

Average  for  group  5  ; 

.40 

tt  3.0  t  173  t  81  t  ^  t..^.:t 

tt  t  156  t  75  t  61  t  51  tt 

5.8 

t 

t 

44  t 

37  * 

Mo.  1  -  n.7Z23 

2®*  I '  J  ■£23218)134 

Mo.  p  -  (T2i9)i26 
4  -  (_*Zi^)l^2 


Mo. 

Mo. 


5  -  *139' 


.35 

.31 

.30 

.38 

.31 


Croup  6  -  Commercial  paints 


tt 

2.9 

t 

137 

r\ 

74 

t 

t 

tt 

6.1 

t 

87 

t 

41 

t 

28 

t 

28 

tt 

3.2 

t 

138 

t 

62 

t 

45 

t 

42 

tt 

6.2 

t 

79 

t 

t 

21 

t 

22 

tt 

2.8 

t 

118 

t 

90 

t 

82 

t 

I* 

tt 

5.7 

t 

100 

t 

t 

35 

t 

36 

tt 

2.8 

t 

145 

t 

103 

t 

88 

t 

89 

tt 

6.0 

t 

155 

t 

81 

t 

61 

t 

61 

tt 

1.8 

t 

93 

t 

42 

t 

39 

t 

46 

tt 

3.9 

•  i 

»  a  a  •  « 

33 

t 

26 

t 

29 

tt 

t 

_t_ 

t 

t 

tt 

_t_ 

t 

t 

t 
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rials  were  relatively  small.  In  another 
preliminary  test  it  was  found  that 
films  of  paint  L  and  of  paint  TZ^g 
were  still  losing  weight  very  slowly 
after  8  months  in  storage.  Both  of 
these  films  increased  slightly  in  weight 
for  about  50  hours  after  they  were 
applied  and  then  began  to  fall  off 
steadily,  but  the  loss  after  8  months 
was  only  27  milligrams  for  paint  L 
i  and  17  milligrams  for  paint  TZg,,. 


Table  5  records  the  results  of  im¬ 
mersion  tests  made  with  the  films  after 
different  periods  of  storage  up  to  53 
days  after  stripping  from  the  sub¬ 
strate  (60  days  after  applying  the 
coatings).  Absorption  of  water  and 
swelling  diminished  steadily  for  at 
least  the  first  3  weeks.  After  that  time 
films  of  clear  linseed  oil  and  the 
thicker  film  of  titanium  dioxide  paint 
began  to  increase  again  in  absorption 


and  swelling,  whereas  the  other  films 
continued  to  decline.  The  solubilit}’ 
of  the  films  and  the  dimensional 
changes  on  redrying  after  immersion 
did  not  change  very  much  for  any  of 
the  films,  although  they  diminished 
slightly  with  age  for  the  films  of 
zinc  oxide  and  of  titanium-lead-zinc 
paint.  On  the  whole,  differences 
among  the  paints  at  any  age  were 
much  larger  than  the  differences 


The  measurements  of  swelling  were  made  on  the  same  films  and  at  the  same  times  as  the 
measurements  of  absorption  of  water  recorded  In  table  6.  By  way  of  comparison,  flat-grain 
surfaces  of  southern  yellow  pine  boards  shrink  6.2  percent  ’practically  all  across  the 
grain)  In  drying  from  the  green  condition  to  6  percent  moisture  content.  Most  other 
softwoods  shrink  less  than  that. 


Coating 

material 


sPlgment; 

STolume 

In 

paint 

p/nv 


Swelling  ( Increase  In  area}^(i,  after  exposure  for  Indicated 
number  of  kilowatt-hours 


Thinner  films 


Thicker  films 


400 


800  :  1200 


400 


800 


;PercentiPercent  ^Percent  tPercentt ; Percent tPercenttPercentt  Percent 


1200 


Raw  linseed  oil  i 
Bodied  linseed, Z3: 
Bodied  linseed, Z6: 
Alkyd  resin  t 


Calcium  carbonate 

L 

L 

TL40 
TL40 
T420 
Ti4  20 

Average  for  group 


Qroup  1  -  Unplgmented  coating  materials 


Croup  2  -  Linseed  oil  paints  free  from  zinc  oxide 


Croup  3  -  Alkyd-resln  paints 


T(are) 
T( are) 
T(are) 


Z 

LZ37 

TL50Z30 

TL30Z25 

TL20Z20 

TLlOZio 

TZ20 

Average 


for  group  4 


21 

16 

26 

16  :: 

18 

19  :: 

13 

13  :: 

16 

12  :: 

H 

#  I; 

33 

27 

30 

27 

26 

29 

40 

50 


13 

11 

11 

12 

9 

9 

16 

T7 


8 

9 

6 

7 

6 

6 

11 

"5 


Croup  5  -  Linseed  oil  paints  containing  zinc  oxide  and  of  p/nv  0.30  or  0.40 


TL30Z25 

TL20Z20 

TLioZio  : 

TZ20  S 

TZ20 

Average  for  group  5 


No.  1  -  TL7  Z23  !  .35 
No.  2  -  {TL23Z18)134  .31 
No.  3  -  (TZ19)126  .30 
No.  4  -  (TZ16)122:  .38 
No.  5  -  Ti39(re)  :  .31 


46 

27 

13 

45 

25 

15 

14  : :  22 

38 

18 

12 

11  : :  19 

56 

31 

23 

21  : ;  36 

S 

i 

T5  ::  2j 

Croup  6  -  Commercial  paints 

38 

24 

17 

14  : ;  24 

35 

18 

11 

10  : :  19 

26 

20 

17 

21  ; :  17 

55 

38 

29 

27  : :  49 

3 

2 

1 

1  ; ; . 

s  0.30 
.30 
.30 
.36 
.30 

.40 

.09 

.30 

2 

27 

26 

8 

8 

27 

18 

13 

18 

4 

11 

2 

3 

4 

3 

1 

2 

3 

4  ; 

1  : 

1  : 

:  16 
:  54 
:  5 

:  -4 

:  15 

3 

9 

2 

2 

4 

8 

2 

2 

2 

2 

6 

4 

:  8 

6 

3 

8 

7 

:  13 

7 

6 

4 

:  10 

2 
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TE 

:  T5 

W 

10 

2 

2 

2 

2 

4 

4 

1 


:  .30  : 

9  : 

6 

3 

:  3  : 

10 

:  5  : 

4 

3 

:  .36  : 

12  : 

6 

3 

;  3  : 

10 

;  4  : 

4 

3 

:  .40  ; 

12  ; 

4 

2 

:  2  : 

9 

:  4  : 

4 

3 

Linseed 

oil  paints 

containing 

zinc  oxide 

and  of 

p/nv  0,30 

6 

7 

6 

9 

4 

5 

10 

T 


12 

7 

6 

12 

7 

7 

8 

5 

4 

18 

15 

15 

20 

V* 

14 

T7 

S 

• 

10 

18 

9 

: 

8 

5 

5 

: 

8 

6 

7 

: 

26 

22 

19 

•  • 

1 

1 

0.3 
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Table  8,— -Swelling  efficiency  of  water  for  the  free  films  reported 
in  tables  6  and  7 


The  swelling  efficiency  is  the  swelling  recorded  in  table  7  divided  by  ttie 
absorption  of  water  per  unit  weight  of  oil  in  the  film  recorded  in  table  6, 
that  is,  7  A/W^. 


Toating  material  or  ^roup  s : 
of  materials  as  classi-  : : 

Average  swlling  efficiency  for  the  group  after 
exposure  for  indicated  number  of  kilowatt-hours 

Thinner 

films 

::  Thicker  films 

0 

400  : 

800  :  1 

,200 

::  0  :  400  :  800  :  1^200 

:: 

Percent 

: :  Percent 

Group  1  -  Unpigmented  1 1 

materials  1 1 

80 

61  : 

27  : 

29 

: :  :  :  : 

::  72  :  48  :  46  :  43 

Group  4  -  Zinc-containing: : 
paints  of  p/nv  0.30  tt 

39 

39  i 

35  i 

35 

:*i  37  i  31  i  31  :  35 

Group  5  -  Zinc-containing:: 
paints  of  p/nv  0,36  or  :: 
0.40  : : 

31 

: 

33  t 

27  : 

29 

::  27  :  27  :  29  :  30 

Group  6  -  Commercial  :: 

zinc-containing  paints  :: 

28 

30  : 

27  : 

27 

::  25  :  25  :  25  :  27 

Group  2  -  Zinc-free  :: 

paints  other  than  :diite:: 
lead  : : 

34 

30  : 

23  i 

28 

:  38  :  29  i  31  :  29 

Group  3  -  Alkyd-resin  :: 

paints  : : 

19 

22  : 

21  i 

26 

::  16  :  14  i  17  :  22 

White  lead  paints,  L  p/nv:: 
0,30  and  0,36  :: 

43 

9  i 

6  i 

5 

::  38  :  18  i  13  :  15 

Commercial  paint  No.  5  : : 

("breather  type")  :: 

3 

:  4  t 

2  : 

2 

brought  about  by  aging  of  any  one- 
kind  of  paint.  For  the  subsequent 
studies,  films  were  allowed  to  harden 
for  10  days  after  application  before 
they  were  stripped  from  the  substrate 
and  were  then  submitted  to  immer¬ 
sion  tests  within  3  days. 

Tests  of  32  Oils  and  Paints  Before 

and  After  Artificial  Weathering 

Large  specimens  of  the  32  coating 
materials  on  substrates  of  gummed 
paper  were  prepared,  each  material  in 
nominal  3-mil  and  6-mil  thicknesses. 
After  10  days  for  hardening,  a  small 
sample  was  cut  from  each  large  speci¬ 
men  to  be  stripped  and  tested  immedi¬ 
ately  by  immersion  in  water.  The  re¬ 
maining  portions  of  the  large  speci¬ 
mens  were  placed  at  once  in  the  arti- 
tioal  weathering  machine,  operated 
with  periodic  spraying  with  water. 

1  .u  h  large  specimen  was  further  sam- 
pl  d  for  stripping  and  testing  after 
too,  after  800,  and  after  1,200 
k  lowatt-hours  of  exposure  (approxi- 
m.itely  5,  10,  and  13  days  of  con¬ 
i':  lous  operation).  A  second  com- 
I  "c  set  of  specimens  spread  on  tin- 
p  le  instc*ad  of  gummed  paper  was 
c  osed  in  the  weathering  machine 
a‘  the  same  time  in  order  to  deter- 
n  I'f  the  weight  of  soluble  material 
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leached  from  each  specimen  by  the 
water  spray  during  the  course  of  the 
artificial  weathering. 

Absorption  of  Water:  The  absorp¬ 
tion  of  distilled  water  on  72-hour 
soaking  of  the  free  films  before  and 
after  each  stage  of  artificial  weather¬ 
ing  is  reported  in  table  6.  The  weight 
of  water  absorbed  by  each  frex-  film 
is  expressed  in  percentage  of  the 
weight  of  linseed  oil  in  the  film,  that 
is,  100 A/ Wo,  where  W,,  is  the  weight 
of  oil  in  the  film.  That  is  considered 
a  more  significant  basis  for  comparing 
the  different  paints  and  film  thick¬ 
nesses  than  the  absorption  in  milli¬ 
grams  of  water.  A,  because  absorp¬ 
tion  and  swelling  are  believed  to  re¬ 
side  primarily  in  the  oil  in  the  film. 
It  would  be  very  misleading,  of 
course,  to  express  the  absorption  in 
percentage  of  the  total  weight  of  film 
in  view  of  the  great  variation  in 
specific  gravity  of  different  pigments. 
Thus  the  weight  of  a  free  film  1.3 
inches  long,  2.3  inches  wide,  and 
3  mils  thick  is  approximately  171 
milligrams  for  unpigmented  linseed 
oil,  270  milligrams  for  calcium  car¬ 
bonate  paint  of  p/nv  0.30,  and  499 
milligrams  for  white  lead  paint  of 
p/nv  0.  30. 


All  of  the  free  films  tested  absorbed 
distilled  water  in  significant  quantity. 
For  all  of  the  paints  in  which  there 
were  pigments,  the  newly  prepared 
and  unweathered  films  absorbed  much 
more  water  than  the  artificially  weath¬ 
ered  films  did.  The  first  400  kilowatt- 
hours  of  weathering  usually  effected 
greater  reduction  in  swelling  than  the 
next  400  kilowatt-hours  did,  but  the 
last  400  kilowatt-hours  produced  so 
little  further  change  as  to  suggest 
that  a  minimum  had  been  reached. 
Some  films,  in  fact,  absorbed  more 
water  after  1,200  than  after  800 
kilowatt-hours  of  exposure.  Films  of 
clear  oils  without  pigments,  with  the 
possible  exception  of  the  bodied  lin¬ 
seed  oil  of  viscosity  Z6,  passed 
through  a  minimum  of  absorption 
after  400  kilowatt-hours  and  usually 
absorbed  more  water  after  1,200 
kilowatt-hours  than  they  did  before 
exposure  to  weathering. 

The  bodied  linseed  oils  initially 
were  much  less  absorptive  than  the 
raw  linseed  oil,  but  after  weathering 
the  differences  became  small.  The 
alkyd  resin  was  only  slightly  less  ab¬ 
sorptive  than  the  bodied  linseed  oil 
of  viscosity  Z6. 

Paint  made  with  magnesium  sili¬ 
cate  in  raw  linseed  oil  absorbed  more 
water  than  the  unpigmented  oil  did, 
especially  so  before  the  films  were 
weathered.  On  the  other  hand,  the 
calcium  carbonate  paint,  although  high 
in  absorption  at  the  outset,  became  less 
absorptive  than  unpigmented  oil  after 
weathering.  Pure  titanium  dioxide 
paint,  T^2o,  was  initially  slightly  more 
absorptive  and,  after  weathering, 
slightly  less  absorptive  than  raw  lin¬ 
seed  oil. 

Pure  white  lead  paint,  L,  at  the 
outset  had  a  lower  absorption  than 
any  other  paint  and  a  lower  absorp¬ 
tion  than  raw  linseed  oil.  Weathering 
produced  relatively  little  change  in 
the  absorption  of  pure  white  lead 
paint,  so  that,  in  the  end,  it  still  re¬ 
mained  less  absorptive  or,  in  the 
thicker  film,  only  slightly  more  ab¬ 
sorptive  than  raw  linseed  oil. 

Zinc  oxide,  on  the  other  hand, 
whether  the  sole  pigment  in  a  paint 
or  present  to  the  extent  of  as  little 
as  10  percent  of  the  total  pigment  bv 
volume,  very  greatly  stimulated  ab¬ 
sorption  of  water  by  free  films,  par¬ 
ticularly  when  the  films  were  unweath¬ 
ered.  Thus  pure  zinc  oxide  paint,  Z, 
and  titanium-zinc  paint,  TZ.,^,  ab¬ 
sorbed  about  3  times  as  much  water 
initially  as  raw  linseed  oil  did,  and 
remained  2  to  4  times  as  absorptive 
after  weathering.  The  presence  of 
white  lead  along  with  zinc  oxide  usu¬ 
ally  reduced  the  absorptiveness  some¬ 
what,  but  the  stimulating  effect  of 
zinc  oxide  was  dominant  over  the 
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moderating  cfiect  of  white  lead  even 
when  there  was  1.7  times  as  much 
white  lead  as  zinc  oxide  in  the  paint. 

Paints  of  pigment  volume  0.36  or 
0.40  usually  absorbed  a  little  more 
water  in  proportion  to  their  oil  con¬ 
tent,  although  slightly  less  in  propor¬ 
tion  to  their  volume  than  the  corre¬ 
sponding  paints  of  pigment  volume 
0.30,  despite  the  fact  that  much  of  the 
oil  in  the  former  was  bodied  oil, 
whereas  all  the  oil  in  the  latter  was 
the  more  absorptive  raw  oil. 

Of  th.e  five  commercial  paints 
tested,  the  four  that  contained  zinc 


oxide  proved  high  in  absorption, 
comparably  so  with  the  laboratory- 
made  paints  of  similar  composition. 
The  fif^th  commercial  paint,  advertised 
as  resistant  to  moisture  blistering,  was 
decidedly  less  absorptive  than  the 
others  but  was  more  absorptive  than 
the  paints  made  in  the  laboratory 
with  no  lead  or  zinc  pigments  and 
alkyd-resin  vehicle. 

Swelling  in  Water:  Table  7  re¬ 
cords  the  swelling,  aQ  (increase  in 
area  of  surface),  of  the  free  films 
caused  by  the  absorption  of  water 
reported  in  table  6.  In  general,  the 


swelling  runs  approximately  parallel 
to  the  absorption  of  water,  as  would 
be  expected.  The  relations  already  dis¬ 
cussed  for  absorption  therefore  apply 
also  to  swelling,  except  that  commer¬ 
cial  paint  No.  5  exhibited  dispropor¬ 
tionately  low  swelling  for  the  amount 
of  water  it  absorbed.  Possible  reasons 
for  the  peculiar  behavior  of  this  pain' 
are  discussed  further  on. 

The  swelling  of  the  free  paint  film 
may  well  be  compared  with  the  swell 
ing  of  wood  on  which  such  paint 
might  be  used.  Flat-grain  boards  o 
southern  yellow  pine  change  6.6  pci 


Table  9,-.Bolubllity  ef  free  fi^e  of  different  coating  aaterlale  during  72-hour  imBerslon  In 

Aiatilled  water  at  69«5*  determined  while  malting  the  meaeareaente  of  abeorption 
and  gwelling  recorded  in  table e  6  and  j,  and  expreaaed  In  percentage  of  the  weight 
of  lineeed  oil  in  the  filme 


Coating 

material 


t  t : 
tPigment: : 
tTolume  tt 
:  in  : : 
:  paint  it 
:  p/nT  t : 

1  i 


Solubility  in  water,  8/Wo,  after  exposure  for 
indicated  number: of  kilowatt-houre 


Thinner 

films 

t: 

Thicker 

films 

0  :  400  : 

800 

:  \Z00  : : 

0  :  400  : 

800  : 

1200 

Peroent:Pereent:l 

Percent 

:Pereentt  tPereentsPercentt: 

Percent: 

Percent 

Group  1  -  Unpigmented  coating  materiale 


Raw  linseed  oil 

: 

0 

:: 

7.0 

. : 

9.6 

• 

10.9 

a  a 
a  a 

3.9 

a 

2.5 

: 

2.0 

: 

Bodied  lineeed. 

Z3 

e 

0 

! : 

4.0 

• 

• 

2.6 

t 

4.7 

a 

e 

7.0 

a  a 
a  a 

1.4 

a 

a 

1.2 

a 

a 

2.0 

t 

Bodied  linseed. 

Z6 

: 

0 

:  t 

3.4 

e 

• 

2.3 

t 

3.9 

t 

7.9 

: : 

1.0 

t 

.9 

t 

1.7 

a 

a 

Alkyd-resin 

I 

0 

: : 

7.0 

e 

• 

2.9 

e 

• 

3.4 

: 

4.4 

t : 

3.2 

: 

.8 

: 

2.1 

: 

7.0 

3.0 

2.6 

2.3 


Group  2  -  Lineeed  oil  paints  free  from  tine  oxide 


Magnesium  silicate  : 

0.30 

: : 

7.5  t  5.8 

•  • 

a  •  a  a 

3.6 

3.0 

5.5  : 

5.6 

Calcium 

carbonate  : 

.30 

: : 

14.5  :  11.1 

: 

5.9 

: 

7.1  a 

9.7 

4.7 

2.3  : 

2.7 

L 

: 

.30 

:: 

4.7  *  5.8 

: 

6.6 

a 

a 

9.0  :: 

U 

2.7 

2.8 

2.9 

L 

.36 

:: 

6.8  :  4.9 

: 

10.7 

: 

12.0  :: 

2.8 

4.3 

4.7 

TL40 

.30 

:: 

5.4  :  6.6 

: 

3.3 

*  •  a 

4.4 

2.8 

2.2 

2.0 

TL40 

.40 

a  a 
a  a 

6.5  :  9.8 

: 

5.0 

•  a  a 

3.5 

5.1 

3.1 

4.8 

7420 

.09 

: : 

4.4  :  5.5 

: 

5.8 

*  a  e 

4.5 

4.1 

5.0 

3.0 

7420 

Average 

for  group  2 

.30 

:: 

: : 

Hi  H 

a 

: 

H 

•  a  a 

: 

it 

2.0 

H 

Group  3  -  Alkyd 

-resin  paints 

T(are) 

;  .30 

a  e 
a  a 

8.3  t  4.8 

a 

a 

5.6 

3.9  :: 

4.2  :  3.5 

4.5 
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Group  6  -  Commercial  paints 


No. 

No. 

No. 

No. 

No. 


1  - 
2  - 

3  - 

4  . 
.5  - 


Z23  i 
(TL232i0)i34 
(TZ19  126  * 
(TZi6)122 

Ti39iro}  : 


35 

a  a 
a  a 

27.5 

9.1 

X  7.8 

X 

9.6 

X  X 

5.1  : 

3.5 

3.3 

: 

4.2 

31 

X  X 

6.6 

X 

7.9 

X  4.1 

X 

4.3 

3.9  s 

2.1 

1.7 

X 

3.7 

30 

XX 

12.1 

X 

13.8 

X  7.9 

X 

12.3 

a  a 
a  a 

4.3  X 

5.2 

4.4 

X 

5.8 

38 

X  X 

23.6 

X 

19.0 

X  25.6 

a 

a 

31.8 

XX 

12.4  X 

7.2 

6.4 

X 

12.8 

31 

XX 

9.2 

X 

11.4 

:  9.3 

X 

16.1 

J  •  a 

6.0 

6.4 

a 

a 

6.8 

(cnt  in  width  (across  the  grain)  and 
j  Tactically  not  at  all  in  length  (along 
tiie  grain)  between  6  percent  moisture 
content  and  the  green  or  thoroughly 
v.ater-soaked  condition.  The  moisture 
content  of  exterior  lumber  is  seldom 
.;s  low  as  6  percent.  The  change  in 
area  is  therefore  6.6  percent  of  the 
dry  dimensions  or  6.2  percent  of  the 
green  dimensions.  Most  other  woods 
used  on  houses  swell  less  than  south¬ 
ern  yellow  pine.  Thus  free  films  of 
n'lOSt  paints  when  newly  prepared 
swell  more  than  wood  does  on  chang¬ 
ing  from  the  air-dry  to  the  watcr- 
saturated  condition.  After  weathering 
for  some  time,  zinc-free  paints  usu¬ 
ally  swell  less  than  wood  docs.  Paints 
containing  zinc  oxide  swell  several 
times  as  much  as  wood  docs  when 
the  paints  arc  new,  and  swell  as 
much  or  more  than  wood  docs  even 
after  they  have  become  well  weath¬ 
ered.  Of  course,  the  coatings  of  paint 
must  conform  to  the  wood  in  length 
and  width  as  long  as  the  coatings  re¬ 
main  in  place,  and  to  do  so  the  coat¬ 
ings  must  change  sufficiently  in  thick¬ 
ness  to  meet  the  required  volumetric 
changes,  a  process  that  necessarily  in¬ 
volves  severe  internal  stresses  in  a 
rigid  body. 

To  check  that  conclusion,  dry  1  /24- 
inch  yellow-poplar  veneer  was  painted 
in  one  case  with  two  coats  of  paint  L, 
p/nv  0.30,  making  a  coating  3.6  mils 
thick  when  dry,  and  in  another  case 
with  two  coats  of  paint  TZo^,  p/nv 
0.30,  making  a  coating  4.8  mils  thick 
when  dry.  Suitable  specimens  were 
marked  for  measurement  of  length, 
width,  and  coating  thickness  (by  ob¬ 
servation  of  sharply  cut  edges  in  a 
microscope  with  micrometer  eyepiece) 
and  were  then  soaked  in  water  for  2 
days  and  remeasured  while  still  wet. 
In  surface  area  both  paint  coatings 
swelled  10  percent,  chiefly  across  the 
grain  of  the  wood,  which  is  the  ex¬ 
pected  dimensional  change  for  thin 
veneer  of  yellow-poplar.  In  thick¬ 
ness  the  coating  of  paint  L  shrank 
0.2  mil,  but  that  of  paint  TZ„„  swelled 
2.7  mils.  The  result  was  qualitatively 
in  agreement  with  the  data  of  table  7, 
which  give  the  swelling  in  area  as  8 
percent  for  paint  L  and  57  percent 
for  paint  TZ..^  in  free  films  about  3 
mils  thick  after  soaking  3  days.  At 
the  end  of  the  soaking  period  the 
coating  of  paint  TZ^^  was  beginning 
to  form  tiny  blisters,  but  that  of  paint 
1.  was  still  entirely  sound. 

Among  the  paints  reported  in  table 
7,  paints  L,  TL^o,  and  commercial 
pi! lit  No.  5  are  known  from  past 
t'-  ’ .  on  laboratory  blistering  boxes 
a.'!.!  from  experience  on  houses  to  be 
hi  fily  resistant  to  failures  by  blister- 
iii  and  peeling  under  conditions  of 
so  ailed  excessive  moisture.  Work  re¬ 


ported  by  a  large  paint-industry  lab¬ 
oratory  indicates  that  the  leadless  and 
zincless  alkyd-resin  paints,  T(are), 
are  similarly  resistant  to  such  condi¬ 
tions.  All  of  these  paints  are  charac¬ 
terized  by  a  low  degree  of  swelling 
in  water.  On  the  other  hand,  all  of 
the  zinc-containing  paints,  w'hich  have 
a  high  degree  of  swelling,  are  known 
from  past  experience  to  be  sensitive 
to  moisture  blistering  and  peeling.  It 
may  well  be,  then,  that  the  degree  of 
swelling  in  water  is  a  useful  measure 
of  the  ease  with  which  a  paint  yields 
to  blistering  and  peeling  of  this  kind. 

During  the  immersion  tests  the  free 
films  of  those  paints  that  exhibited  a 
low  degree  of  swelling  remained  flat 
and  free  from  troublesome  curling. 
Even  after  redrying  they  could  be  kept 
flat  provided  the  absorbed  water  was 
allowed  to  evaporate  equally  rapidly 
from  both  faces  of  the  film.  In  contrast, 
free  films  of  paints  that  swelled  greatly 
always  had  a  marked  tendency  to  curl, 
particularly  near  the  edges  of  the 
films,  and  required  very  careful  han¬ 
dling  to  straighten  them  out  between 
glass  microscope  slides  sufficiently  to 
measure  the  dimensions.  Such  curling 
became  still  more  marked  during  re¬ 
drying.  These  differences  in  behavior 
correspond  to  the  characteristic  per¬ 
formance  of  the  paints  during  the 
later  stages  of  normal  weathering. 
Once  cracking  sets  in,  paints  that  swell 
greatly  also  curl  markedly  at  the 
cracked  edges  and  tend  toward  scaling 
in  large  pieces,  whereas  paints  of  low 
degree  of  swelling,  if  they  crack  at 
all,  usually  curl  very  little  and  tend 
toward  crumbling  or  flaking  in  tiny 
particles. 

Extreme  curling  during  immersion 
in  water  was  exhibited  by  heterogene¬ 
ous  films  made  up  of  consecutive 
coats  of  paints  of  widely  different 
swelling  tendencies.  Thus  free  films 
were  prepared  by  applying  in  one  case 
two  coats  of  paint  L,  p/nv  0.30,  fol¬ 
lowed  by  two  coats  of  paint  TZ,^, 
p/nv  0.30,  and  in  the  other  case  two 
coats  of  the  TZ^o  paint,  followed  by 
two  of  paint  L.  When  the  free  films 
were  soaked  in  distilled  water  for  a 
few  days,  both  curled  into  tight  rolls 
much  like  rolls  of  wrapping  paper. 
The  two  films  curled  in  opposite  di¬ 
rections,  so  that  in  both  cases  the 
highly  swellable  TZ  paint  was  on  the 
outside  of  the  curled  roll  and  in  both 
cases  the  direction  of  last  brushing  of 
the  paints  during  application  was  par¬ 
allel  to  the  axis  of  the  roll.  After  the 
films  were  soaked  for  a  week,  the  two 
layers  of  paint  in  each  film  began  to 
separate  and  the  TZ  layer  became 
wrinkled  until  eventually  it  was  an 
easy  matter  to  pull  the  two  layers  com¬ 
pletely  apart. 


Some  Paints  Possess  Grain:  When 
free  films  swell  while  immersed  in 
water,  the  increase  in  width,  AB,  usu¬ 
ally  differs  from  the  increase  in  length, 
AL.  (The  length  is  always  the  direc¬ 
tion  in  which  the  brush  or  doctor 
blade  was  last  moved  during  applica¬ 
tion.)  The  ratio  AB/AL  is  not  exactly 
reproducible  quantitatively  among  dif¬ 
ferent  films  of  the  same  kind  or  even 
in  different  sections  cut  from  the  same 
large  film;  slight  variations  in  the  man¬ 
ner  of  application  or  in  the  way  the 
film  is  immersed  in  water  apparently 
exert  measurable  effects.  But  sucb 
vagaries  are  small  in  comparison  with 
certain  large  differences  among  paints 
according  as  they  do  or  do  not  contain 
pigments  of  strongly  anisotropic  shape. 
Acicular  (rod-shaped)  pigments  evi¬ 
dently  become  oriented  with  their  long 
dimensions  parallel  to  the  last  direc¬ 
tion  in  which  the  liquid  paint  flows 
before  it  hardens,  and  they  retain  their 
orientation  in  the  hardened  film  even 
after  prolonged  weathering.  Such  ori¬ 
entation  of  acicular  pigments  imparts 
grain  to  the  paint  films  that  is  roughly 
analogous  to  the  grain  in  wood.  It 
has  long  been  observed  in  paint  ex¬ 
posure  tests  at  the  Forest  Products 
Laboratory  and  elsewhere  that  many 
paints,  including  enamels  that  form 
coatings  entirely  free  of  brush  marks, 
crack  on  weathering  with  the  predomi¬ 
nant  direction  of  the  cracks  roughly 
parallel  to  the  direction  in  which  the 
paint  was  last  brushed.  Since  the  last 
brushing  of  paint  is  normally  parallel 
to  the  grain  of  the  wood,  it  has  usu¬ 
ally  been  assumed  that  the  grain  of 
the  wood  controlled  the  direction  of 
paint  cracking  by  reason  of  the  greater 
swelling  of  wood  across  than  with  the 
grain.  The  discoveries  that  many  paints 
swell  more  than  wood  does,  swell  more 
across  than  with  the  last  direction  of 
flow,  and  therefore  possess  a  grain  of 
their  own,  confirms  this  Laboratory’s 
earlier  observations' that  it  is  the  grain 
of  the  paint  rather  than  the  grain  of 
the  wood  on  which  the  direction  of 
paint  cracking  commonly  depends. 

The  observ'ations  of  grain  in  free 
films  may  be  briefly  summarized  by  the 
following  list  of  approximate  ratios  of 
transverse  to  longitudinal  swelling, 
AB/AL,  which  are  average-s  for  the 
number  of  closely  agreeing  paints  or 
coating  materials  indicated: 


Kind  of  coatinK  material  AB/  AL 

Magnesium  silicate  in  linse<>d  oil... _  2.10 

Five  commercial  paints  (all  contained 

magnt'sium  silicate) _  1.87 

Paint  T(are)  with  all  extender  magnesium 

silicate _  1.73 

Seven  TLZ  paints  with  all  extender  mag¬ 
nesium  silicate _ _ —  1 .60 

Calcium  carbonate  (No.  1)  in  linseed  oil..  1 .49 

Paint  T(are)  with  half  the  extender  mag¬ 
nesium  silicate  and  half  calcium  car¬ 
bonate  (No.  3) - 1.45 

Three  TZto  paints  with  half  the  extender 
magnesium  silicate  and  half  calcium 
carbonate  (No.  2) _  1.17 
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Kind  of  coating  material  AB/AL 

Paints  L,  Z,  Tiio,  and  LZi;  with  no 

extender _  1.12 

Paint  T(are)  with  all  extender  calcium 

carbonate  (No.  3) _  .96 

Four  unpigmented  vehicles  (linseed  oils 
and  alkyd  resin) _  .95 

Magnesium  silicate  (fibrous  talc)  is 
a  markedly  acicular  pigment;  it  clearly 
imparted  grain  to  all  the  paints  in 
which  it  was  used,  including  all  five 
of  the  commercial  paints.  Calcium  car¬ 
bonate  No.  1  was  a  pigment  of  very 


high  oil  absorption  and  an  appreciable 
degree  of  acicularity  that  imparted  sig¬ 
nificant  grain  to  paint;  but  calcium  car¬ 
bonates  No.  2,  low  in  oil  absorption, 
and  No.  3,  very  low  in  oil  absorp¬ 
tion,  were  granular  and  imparted  little 
or  no  grain  to  paint.  All  of  the  opaque 
pigments  used,  white  lead,  zinc  oxide, 
and  titanium  dioxide,  were  effectively 
granular  enough  to  produce  little  or 
no  grain  in  paint,  though  some  of 


them  are  available  in  somewhat  acicu¬ 
lar  grades. 

Swelling  Efficiency  of  Water:  In 
order  to  study  the  relation  between 
degree  of  swelling  and  the  quantity  of 
water  absorbed  per  unit  weight  of  oil 
in  the  films,  a  factor  that  may  be 
called  the  swelling  efficiency  was  com¬ 
puted  for  all  of  the  films  listed  in 
tables  6  and  7.  The  swelling  efficiency 
is  defined  as  the  swelling  in  surface 


Tabic  10. --Lose  In  weight  by  leaehir 
to  ytiflclal  weatherlf 
in  the  films 


with  water  apray  during  exposure  of  eoatlnga  on  tinplate 
.  expreeeed  aa  percentage  or  the  weight  of  Ilnaeea  oil 


Coating 

■aterial 


Pigment 

Tolume 

in 

paint 

p/nT 


Thinner  films 


:  Thick- 
:  nees 


:  Mile 


.Loss  by  leaching  per 
:unit  weight  of  oil 
.after  exposure  for 
•indicated  number  of 
:  kilowatt-hours 


:  400  :  800  :  ;200  : 

- - - 

tPeroeribtPercenttPereenti 


Thicker  films 


•tLoss  by  leaching  per  unit 
:weight  of  oil  after 
: exposure  for  indicated 
: number  of  kilowatt-hours 


tPeroentt  Percent.  Percent 


Raw  linseed  oil  : 
Bodied  linseed,  Z3  s 
Bodied  linseed,  Z6  t 
Alkyd-resin  i 


Magnesium  silicate 
Calcium  carbonate 
L 
L 

TL40 

TL40 

T420 

T420 

Average  for  group  2 


Z 

L237 

TL50Z3O 

TL30Z25 

TL20Z20 

TLIOZIO 

TZ20 

Average  for  group  4 


1  -  Unpigmented  coating  materials 


t:  6.1  t  15.9  t  22.2  :  28.1  tt  12.3  :  10.3 

5.8  t  9.9  *  12.7  »  16.3  *»  12.7  *  5.7 

*:  6.0  :  7.6  :  10.0  :  12.7  *:  13.4  :  5.1 

::  6.3  ^  4.2  t  6.2  t  6.4  ::  11.8  :  2.9 

2  -  Linseed  oil  paints  free  from  tine  oxide 

::  4.8  I  13.7  *  21.8  :  28.4  ti  7.7  :  9.8 

::  3.1  :  18.3  :  31.2  :  39.8  n  6.2  :  9.8 

::  4.2  i  13.0  :  21.1  :  27.0  ::  7.2  :  7.2 

::  4.2  i  10.2  t  14.4  x  18.8  tt  5.0  t  8.8 

It  4.9  *  14.0  :  23.7  *  31.0  tt  7.7  i  7.6 

t:  4.0  :  17.4  t  31.4  :  39.0  ::  5.2  :  12.9 

::  4.2  :  17.4  :  29.8  :  41.2  ::  6.3  :  11.5 


:  18.0 
*  TOT 


-  Alkyd-resin  paints 


*  14.7 
t  7.6 
:  6.2 
:  3.9 


:  14.2 

t  15.7 
:  11.9 
*  12.5 
I  13.0 

t  23.2 
:  20.6 
:  10.6 
:  T577 
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1.9 

36 

:*  4.3  : 

5.1  s 

7.4 

s  7.3  *: 

6.2  : 

3.6  :  5.3  : 

6.6 

40 

::  4.2  : 

5.3  * 

8.3 

:  10.3  a 

6.1  : 

4.0  :  5.6  : 

6.6 

4  -  Linseed  oil  paints  containing  zinc  oxide  and  of  p/nv  0.30 
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t 
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1 1 
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t: 

5.4 
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4.8 

: 

7.0 

e 

• 

9.3 

1 1 

7.6  t 

2.8 

4.0  t 
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:  .30 

:: 

4.7 

t 

5.3 

t 

6.8 

t 

8.9 

1 1 
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3.2 

3.4  t 

3.9 

:  .30 

:: 

3.9 

e 

e 

8.1 

: 

11.5 

t 

14.6 

e  • 
e  e 

6.5  * 

4.5 

5.8  t 

7.2 

:  .30 

;; 

4.1 

t 

6.4 

6.0 

t 

t 

) 

14.4 

TTTJ 

tt 

8.2  t 
t 

1.8 

3.8  t 
47?  t 

-  Linseed  cil  paints  containing  zinc  oxide  and  of  p/nv  0.36  or  0.40 


J30Z25 

2*20520 

2-10*10 

K20 

TZ20 

Average  for  group  5 


No.  1  -  T^Z22 
No.  2  -  (TL23*18)134 
No.  3  -  (TZ19)126 
No.  4  -  (TZl6)l22 
No.  5  -  Ti39(re) 
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1 1 
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11.0 

t 

19.8 

• 

• 

25.6 

1 1 

7.1  : 

4.2 

t 

6.4  t 

.36 

tt 
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t 
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tt 
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t 
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.36 

tt 
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t 
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t 

16.0 

tt 
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t 

5.8  t 

:2J 

1 1 

4.0  t 

6.1 

t 
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t 

14.0 

tt 

6.2  t 

3.2 

t 

6.6  t 

tt 

tt 

4.0  t 
t 

6.0 
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t 

t 

12.0 

TOT 

t 

t 

14.9 

16»o 

1 1 
tt 

6.1  t 

e 

H 

t 

t 

B  1 

-  Ocmmercial  paints 


35 

tt 

3.8 

t 

6.1 
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a  'ca,  AQ,  divided  by  the  quantity  of 
v.ater  absorbed  per  unit  weight  of  oil 
if-  the  film,  A/Wq,  that  is,  AQWo/A. 

1  ramination  of  the  tabulated  data  then 
s  iowed  that  the  coating  materials  fell 
i'  to  certain  groupings  within  which 
t  c  swelling  efficiencies  were  essen- 
t.  illy  the  same.  The  groupings  of  coat- 
ii  If  materials  were  those  that  already 
a  -pear  in  tables  6  and  9,  except  that 
the  pure  white  lead  paints  in  group  2 
a; id  commercial  paint  No.  5  differed 
f'om  the  other  paints  in  their  groups. 
Avcordingly,  table  8  lists  the  average 
swelling  efficiencies  for  each  group 
with  the  two  exceptions  omitted  and 
listed  separately. 

All  materials  except  commercial 
p.iint  No.  5  and  the  alkyd-resin  paints 
w  ere  swelled  more  efficiently  by  water 
when  the  films  were  freshly  prepared 
th.in  after  weathering.  Most  of  the  re¬ 
duction  in  efficiency  from  weathering 
was  accomplished  in  400  to  800  kilo¬ 
watt-hours  of  exposure;  often  the  effi¬ 
ciency  after  1,200  kilowatt-hours  was 
slightly  higher  than  it  had  been  after 
800  kilowatt-hours.  For  the  alkyd- 
resin  paints,  the  initial  swelling  effi¬ 
ciency  was  lower  than  that  of  other 

Eaints  except  commercial  paint  No.  5, 
ut  the  swelling  efficiency  for  the 
alkyd-resin  paints  increased  slightly 
after  weathering.  For  thick  films,  the 
swelling  efficiency  was  nearly  always 
slightly  lower  than  it  was  for  thinner 
films,  but  the  difference  largely  dis¬ 
appeared  after  weathering. 

Unpigmented  films  were  subject  to 
higher  swelling  efficiency  than  other 
films  when  freshly  prepared  and,  in 
the  thicker  films,  throughout  the 
weathering  periods.  For  zinc-contain¬ 
ing  paints  of  pigment  volume  0.30, 
the  efficiency  was  slightly  higher  than 
for  otherwise  similar  paints  of  pig¬ 
ment  volume  0.36  or  0.40,  but  the 
differences  in  swelling  efficiency  were 
small  among  the  zinc-containing  paints 
of  the  higher  pigment  volume,  the 
commercial  zinc-containing  paints,  and 
the  zinc-free  paints  other  than  weath¬ 
ered  pure  white  lead  paint. 

6'onspicuously  unusual  results  were 
obtained  with  pure  white  lead  paint 
and  with  commercial  paint  No.  5.  For 
thi  latter,  the  swelling  efficiency  of 
w.iter  was  slight  at  any  stage  in  life. 
For  the  former,  the  swelling  efficiency 
was  as  high  as  for  other  paints  when 
fr  dily  prepared,  but  on  weathering 
thi  swelling  efficiency  for  the  thinner 
films  of  paint  L  quickly  dropped  to 
values  nearly  as  low  as  those  for  com- 
m-  'cial  paint  No.  5.  The  thicker  films 
of  vhite  lead  paint  on  weathering 
wt  swelled  more  efficiently  than  the 
thi  :ier  films  but  were  far  less  swell- 
abi  than  other  paints.  "Breather-type” 
P‘1  'Its,  such  as  commercial  paint  No. 
5,  e  said  to  be  physically  porous  by 
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reason  of  voids  in  such  pigments  as 
diatomaceous  silica  or  of  interstices 
left  unfilled  by  the  vehicle.  If  so,  they 
have  a  capacity  for  holding  free  water 
or  for  taking  up  part  of  the  swelling 
of  the  oil  internally  without  change 
in  external  dimensions.  It  is  conceiv¬ 
able  that  white  lead  paint  becomes 
physically  porous  on  weathering  be¬ 
cause  it  is  known  that  once  it  has 
passed  well  into  the  chalking  stage  the 
surface  can  no  longer  be  restored  to  a 
glossy  condition  by  rubbing  as  can  be 
done  with  most  other  paints.  Mac¬ 
Gregor  (22)  postulated  the  develop¬ 
ment  of  such  porosity  during  the 
weathering  of  some  paints,  although 
he  did  not  believe  that  it  occurs  in 
white  lead  paint.  At  any  rate,  the  low 
swelling  efficiency  of  commercial  paint 
No.  5  and  of  weathered  paint  L  indi¬ 
cates  clearly  that  such  paints  take  up 
water  in  a  manner  that  causes  less 
swelling  than  is  brought  about  in 
other  paints. 

Thickness  of  Free  Films:  In  calcu¬ 
lating  the  swelling  efficiencies  in  table 
8  it  is  tacitly  assumed  either  that  the 
thickness  of  free  films  does  not  change 
during  swelling  or  that  the  thickness 
always  changes  proportionately  to  the 
area.  The  first  assumption  is  certainly 
incorrect.  The  second  may  be  true 
within  reasonable  limits  but  must  be 
considered  uncertain.  For  that  reason 
some  of  the  smaller  differences  in 
swelling  efficiency  recorded  in  table  8 
may  be  misleading  because  they  may 
be  due  chiefly  to  variations  in  the 
participation  of  thickness  change  in 
the  total  volumetric  swelling. 

It  was  hoped  that  it  would  be  pos¬ 
sible  to  measure  changes  in  thickness 
as  well  as  in  length  and  width  in 
these  experiments,  but  all  techniques 
tried  so  far  for  measuring  swelling  in 
thickness  have  proved  too  inexact  for 
quantitative  purposes.  Plans  for  future 
work  therefore  include  direct  measure¬ 
ments  of  volumetric  swelling  of  at 
least  some  of  the  paints  and  unpig¬ 
mented  vehicles. 

All  film  thicknesses  reported  in  the 
tables  were  calculated  from  the  weight 
of  the  film,  its  area,  and  the  density 
of  the  nonvolatile  ingredients  of  the 
coating  material  while  still  in  the 
liquid  condition.  Such  computation  in¬ 
volves  an  underestimation  of  the  den¬ 
sity  of  the  coating  material  when 
dried  and  an  overestimation  of  the 
film  thickne.ss  because  air-drying  mate¬ 
rials  become  measurably  more  dense 
during  the  process  of  drying  (9,  10). 
Existing  data,  however,  are  inade¬ 
quate  for  calculating  the  densities  of 
the  films  after  drying  and  weathering. 
For  films  of  unpigmented  raw  linseed 
oil,  the  correction  probably  amounts 
to  several  tenths  of  a  mil,  but  for  the 


pigmented  films,  the  corrections  would 
be  smaller.  Actual  measurements  of 
thicknesses  of  the  films  before  immer¬ 
sion  in  water  confirmed  the  expected 
order  of  magnitude  of  the  discrep¬ 
ancies. 

Solubility  of  Free  Films  in  Water: 
The  quantity  of  soluble  materials 
leached  from  the  films  during  the  de¬ 
terminations  of  absorption  of  water 
and  swelling  is  recorded  in  table  9. 
All  films  tested  yielded  soluble  mate¬ 
rials.  Thin  films  yielded  more,  in  pro¬ 
portion  to  their  oil  content,  than  thick 
films  of  the  same  kind,  as  might  well 
be  expected  from  the  greater  specific 
surface  of  the  thinner  films.  On  the 
average,  the  solubility  remained  about 
as  great  after  weathering  as  it  was 
before,  even  though  the  weathering 
cycle  involved  enough  spraying  with 
water  to  remove  much  soluble  mate¬ 
rial  before  the  weathered  films  were 
subjected  to  immersion  tests.  This  fact, 
together  with  the  steady  increase  in 
solubility  during  the  prolonged  im¬ 
mersion  tests  reported  in  table  1,  sug¬ 
gests  that  most,  if  not  all,  of  the  sol¬ 
uble  substances  reported  in  tables  1 
and  9  were  formed  by  reactions  that 
took  place  while  the  films  were  im¬ 
mersed  in  water  rather  than  before 
immersion. 

The  soluble  ingredients  leached 
from  the  unpigmented  oils  and  from 
paints  with  insoluble,  chemically  inert 
pigments  such  as  magnesium  silicate 
and  titanium  dioxide,  clearly  originate 
in  decomposition  of  the  oxidized  lin¬ 
seed  oil  in  the  films.  The  extract  can 
be  recovered  from  the  soaking  water 
by  evaporation  to  dryness  and  is  then 
seen  to  be  an  amorphous,  glossy, 
amber-colored  deposit  that  looks  much 
like  the  clear  material  found  under 
paint  blisters  of  the  "glossy-backed” 
type.  When  the  paint  contains  white 
lead,  the  extract  contains  no  more  than 
a  faint  trace  of  lead,  but  the  extract 
from  paints  containing  zinc  oxide  has 
a  substantial  content  of  zinc,  presum¬ 
ably  as  zinc  salts  of  organic  acids. 

The  diffcrencc-s  in  solubility  among 
the  various  kinds  of  films  recorded  in 
table  9  were  not  large  enough  to  re¬ 
quire  discussion  at  this  time,  except  to 
point  out  that  commercial  paint  No.  4 
proved  exceptionally  high  in  solubil¬ 
ity  both  initially  and  after  weathering, 
and  commercial  paints  Nos.  1  and  3 
were  unusually  high  when  tested  in 
the  thinner  films.  No  reason  for  such 
peculiar  behavior  is  evident  in  the 
formulas  printed  on  the  labels  of  the 
paints. 

Leaching  of  Coatings  During  Arti¬ 
ficial  Weathering:  Much  larger  pro¬ 
portions  of  soluble  substance  were 
leached  from  many  of  the  coatings  by 
the  water  spray  while  in  the  weather- 
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mg  machine  than  were  extracted  trom 
the  free  films  subsequently  when  they 
were  immersed  in  water.  Leaching 
during  weathering  was  determined  by 
exposing  coatings  applied  on  tared 
tinplate  in  the  weathering  machine 
side  by  side  with  the  coatings  on 
gummed  paper,  and  by  drying  and 
weighing  the  coated  tinplate  speci¬ 
mens  after  each  period  of  exposure. 
The  leaching  losses,  expressed  in  per¬ 
centage  of  the  linseed  oil  in  the  coat¬ 
ing,  are  reported  in  table  10. 

Leaching  losses  were  greater  from 
thin  than  from  thick  coatings  of  the 
same  kind  of  paint.  Since  the  quan¬ 
tity  of  soluble  material  increased  mark¬ 
edly  during  each  successive  interval 
of  weathering,  it  is  evident  that  the 
process  of  solubilization  went  on  dur¬ 
ing  the  weathering,  for  all  soluble 
material  in  the  coatings  when  weather¬ 
ing  began  would  surely  have  been  ex¬ 
tracted  within  the  first  400  kilowatt- 
hours  of  exposure.  Higher  losses  in 
the  weathering  machine  than  in  3-day 
immersion  periods  indicates  that  solu¬ 
bilization  goes  on  faster  when  ultra¬ 
violet  light  and  water  act  together 
than  when  water  acts  alone.  (During 
one  period  of  400  kilowatt-hours,  or  5 
days,  in  the  weathering  machine  the 
total  time  of  subjection  of  the  coatings 
to  running  water  could  not  have  ex¬ 
ceeded  half  a  day.) 

Leaching  losses  from  coatings  free 
from  zinc  oxide,  including  white  lead 
paint  and  unpigmented  raw  linseed 
oil,  were  notably  greater  than  the 
losses  from  paints  that  contained  zinc 
oxide.  The  result  offers  an  explanation 
of  the  observation  by  Browne  and 
Laughnan  (6,  7)  that  white  lead  paint 
and  titanium-lead  paint  waste  away  in 
coating  thickness  during  the  intervals 
between  repaintings  more  rapidly  than 
mixed-pigment  paints  that  contain  zinc 
oxide. 

Tests  of  10  Paints  After 
Natural  Weathering 

Ten  paints,  the  five  commercial 
paints  and  five  of  those  made  in  the 
laboratory,  were  applied  in  three-coat 
work  by  brushing  on  substrates  of  tin¬ 
plate  and  of  paper  coated  with  sili¬ 
cone  and  were  then  exposed  to  natural 
weathering  for  51/2  months,  from  Sep¬ 
tember  1952  to  February  1953,  facing 
south  and  sloped  back  at  an  angle  of 
45°  from  the  vertical.  At  the  end  of 
the  weathering  period  sample's  were 
cut,  stripped  from  the  substrates,  and 
tested  by  immersion  in  distilled  water 
for  72  hours.  The  rc-sults  are  reported 
in  table  11. 

The  absorption,  swelling,  and  solu¬ 
bility  of  the  films  exposed  to  natural 
weathering  were  reasonably  similar  to 
those  obtained  with  the  same  paints 
by  artificial  weathering,  tables  6,  7, 


Table  11, — Absorption  of  water,  swelling,  and  solubility  of  free 
films  of  five  conunercial  and  five  laboratory-made 
paints  after  natural  vreathering  for  5-l/2  months 

Tbe  films  were  1,5  by  2,5  Inches  in  size,  of  the  thickness  indicated.  For 
each  paint  averages  are  reported  for  four  films,  of  which  two  were  exposed 
on  tinplate  and  two  on  siliconed  paper.  Free  films  were  tested  by 
immersion  in  distilled  water  at  69,5*  F,  for  72  hours. 


Kind  of  paint 

Pigment: Thick-:Absorption:Swelling 
volume  :  ness  :  of  water  :( Increase 
•in  :  of  :  based  on  :in  area) 

paint  :  film  :weight  of  : 

p/nv  :  :  oil  in  : 

:  :  film  : 
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and  9.  All  of  the  paints  except  pure 
white  lead  and  commercial  paint  No. 
5  were  still  swelling  much  more  than 
southern  yellow  pine  docs  even  after 
weathering.  At  least  for  the  present,  it 
may  be  assumed  that  artificial  weath¬ 
ering  brings  about  changes  in  paint 
films  of  much  the  same  kind  as  occur 
during  natural  weathering.  Further  re¬ 
sults  of  natural  weathering  will  be  ob¬ 
tained  when  a  longer  period  of  time 
has  elapsed.  It  is  not  possible  to  estab¬ 
lish  the  relative  rate  of  change  by  arti¬ 
ficial  and  natural  weathering,  but  the 
results  suggest  that  5V2  months  over  a 
winter  period  are  equivalent  to  no 
more  than  400  kilowatt-hours  in  the 
artificial-weathering  cycle  used. 

Tests  of  Certain  Paints  After  I6 

Years  of  Natural  Weathering 

In  1936  a  series  of  exposure  tests 
was  started  at  Madison  in  which  wood 
panels  were  painted  with  12  kinds  of 
house  paint  and  each  paint  was  re¬ 
painted  at  intervals,  always  with  the 
same  kind  of  paint  used  originally, 
until  1948.  when  painting  ceased  for 
4  years  while  the  results  were  being 
observed.  As  pointed  out  in  other  pub¬ 
lications,  (6,  7),  most  of  the  painting 


programs  led  to  coatings  of  excessive 
thickness,  which,  if  the  paint  con¬ 
tained  zinc  oxide,  produced  cross¬ 
grain  cracking,  curling,  and  scaling  in 
relatively  large  pieces.  Late  in  1952 
large  chips  of  eight  kinds  of  paints 
were  collected  for  test  by  immersion  in 
water.  No  paint  free  from  zinc  oxide 
yielded  paint  chips  large  enough  tor 
such  study. 

The  chips  collected  were  of  various 
sizes  and  of  irregular  shapes.  It  there¬ 
fore  was  not  possible  to  cut  them  into 
the  1.5-  by  2.5-inch  or  2-  by  2-iicth 
specimens  usually  preferred;  instc.id, 
chips  were  used  very  nearly  in  (lie 
sizes  and  shapes  in  which  they  v  re 
available.  The  chips  selected  v.re 
marked,  dried,  weighed  and  m.  is- 
ured,  immersed  in  distilled  water  lor 
72  hours,  again  weighed  and  m  .is- 
ured  while  wet,  dried  over  calc  um 
chloride,  and  weighed  and  measured 
once  more.  Tlie  results  are  reportto  in 
table  12,  in  which  the  paints  are  Ibied 
in  the  order  of  decreasing  content  of 
white  lead. 

Although  part  of  the  paint  in  each 
of  the  chips  was  I6  years  old  and  all 
of  it  was  at  least  4  years  old,  the  chips 
still  absorbed  about  as  much  wate.  as 
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roughly  similar  paints  did  after  mod- 
c:ite  exposure  to  artificial  weathering, 
a:  recorded  in  table  6.  The  swelling 
a  id  swelling  efficiency  of  water  for 
t!ie  1 6-year  old  paints  were  somewhat 
Iviwer  than  the  values  in  tables  7  and  8 
t  >r  much  younger  paints;  but  when 
ciae  account  is  taken  of  the  great 
thickness  of  the  old  chips,  their  swell- 
I  g  cannot  be  considered  much  less 
S'  '  iking  than  that  of  the  younger 
j.-ints  after  moderate  weathering. 
I.ven  after  16  years  and  in  excessive 
thickness  of  film,  some  paints  still 
S'A'cll  more  than  flat-grain  surfaces  of 
southern  yellow  pine. 

Conclusions 

Free  films  of  house  paints  when 
soaked  in  distilled  water  absorb  sur¬ 
prisingly  large  amounts  of  water,  often 
more  than  II/2  times  the  weight  of  lin¬ 
seed  oil  that  the  films  contain.  As  a 
mle,  the  absorption  of  water  causes 
marked  swelling,  which  in -free  film 
finds  expression  in  expansion  of  the 
surface  area  that  for  many  paints  may 
amount  to  more  than  50  percent  when 
the  films  are  still  young.  Such  swelling 
is  several  times  as  much  as  that  of  flat- 
grain  surfaces  of  wood  between  the 
air-dried  and  the  water-soaked  condi¬ 
tions.  Coatings  firmly  attached  to  wood 
must,  of  course,  conform  to  the  sur¬ 
face  dimensions  of  the  wood;  the 


larger  swelling  of  the  coating  must  be 
accomplished  by  increase  in  coating 
thickness.  Such  accommodation  of  the 
dimensions  of  the  swollen  coating  to 
the  requirements  of  the  substrate  nec¬ 
essarily  gives  rise  to  large  stresses 
within  the  coating,  which,  no  doubt, 
have  direct  bearing  on  the  phenomena 
of  cracking,  curling,  and  flaking  in 
the  normal  weathering  of  coatings  and 
on  such  abnormalities  of  coating  be¬ 
havior  as  blistering  and  peeling.  Be¬ 
sides  the  absorption  and  swelling, 
water  causes  a  leaching  of  water-soluble 
ingredients  from  paint  films,  appar¬ 
ently  developed,  at  least  in  large  part, 
by  chemical  reactions  occurring  while 
the  paint  films  are  in  contact  with 
water.  Still  larger  losses  of  soluble  in¬ 
gredients  occur  during  the  weathering 
of  paint  coatings  through  the  com¬ 
bined  action  of  ultraviolet  light  and 
spraying  with  water. 

For  paint  of  any  one  kind,  absorp¬ 
tion  and  swelling  are  greatest  when 
the  free  films  have  been  freshly  pre¬ 
pared.  They  decrease  slightly  with  age 
even  when  the  films  are  kept  indoors 
in  subdued  light  under  dry  conditions. 
Absorption  and  swelling  usually  de¬ 
crease  markedly  on  weathering  either 
naturally  or  artificially,  but  even  after 
16  years  of  weather  exposure  some 
paints  may  still  swell  in  water  more 
than  wood  does. 


Paints  in  which  there  are  markedly 
acicular  (rod-shaped)  pigments  swell 
anisotropically  and,  in  that  sense,  pos¬ 
sess  grain.  The  grain  is  produced  by 
orientation  of  the  acicular  particles 
during  the  last  stroking  of  the  paint 
when  it  is  being  applied.  As  in  wood, 
swelling  is  greater  across  the  grain  of 
the  paint  than  it  is  along  the  grain. 
Grain  in  paint  often  expresses  itself 
in  the  pattern  of  cracking  or  other  de¬ 
fects  that  show  up  later  when  the 
paint  becomes  embrittled  with  age. 

Although  the  absorption  and  swell¬ 
ing  of  free  paint  films  clearly  origi¬ 
nate  in  the  oil  vehicle,  they  are  mark¬ 
edly  affected  by  the  pigments,  espe¬ 
cially  if  the  pigments  are  chemically 
reactive.  Thus  zinc  oxide  imparts 
greatly  increased  absorption  and  swell¬ 
ing,  much  greater  than  the  absorption 
and  swelling  of  films  of  unpigmented 
linseed  oil.  Such  chemically  inert  pig¬ 
ments  as  titanium  dioxide  and  mag¬ 
nesium  silicate  alter  the  absorption 
and  swelling  of  oil  only  moderately. 
On  the  other  hand,  white  lead  mark¬ 
edly  reduces  both  absorption  and  swell¬ 
ing,  especially  after  the  paints  have 
begun  to  weather.  When  the  paint 
contains  both  zinc  oxide  and  white 
lead,  the  augmenting  effect  of  the  zinc 
oxide  predominates  even  when  the 
proportion  of  zinc  oxide  is  relatively 
low. 

There  is  evidence  that  paints  of  the 
so-called  breather  type,  which  are 
claimed  to  be  unusually  resistant  to 
blistering  and  peeling  by  reason  of  a 
porosity  of  their  coatings,  may  in  fact 
make  coatings  with  internal  void  spaces 
capable  of  holding  free  water  without 
a  proportionate  swelling  or,  perhaps, 
of  accommodating  much  of  the  swell¬ 
ing  internally  rather  than  externally. 
One  of  the  commercial  paints,  which 
dried  entirely  without  gloss,  was 
found  to  absorb  a  substantial  amount 
of  water  without  undergoing  much 
swelling  in  consequence.  Likewise, 
pure  white  lead  paint,  after  it  had  be¬ 
come  weathered,  swelled  much  less 
than  would  normally  result  from  the 
amount  of  water  it  absorbed.  It  may 
well  be  that  the  resistance  of  such 
paints  to  moisture  blistering  comes 
from  the  low  swelling  rather  than 
from  the  alleged  ability  to  breathe  by 
letting  moisture  readily  pass  out  from 
the  substrate  through  the  coating. 

Further  studies  of  the  absorption  of 
water,  swelling,  and  .solubility  of  free 
films  of  house  paints  offer  promise  of 
explaining  many  of  the  phenomena 
of  paint  behavior  that  have  so  far 
been  subject  to  great  diversity  of  opin¬ 
ion,  and  of  furnishing  a  tool  for  the 
search  for  better  paints.  But  until  such 
further  studies  have  been  made,  and 
particularly  until  a  connection  between 
swelling  of  free  films  and  blistering 


Table  12,— Absorption  of  water,  swelling,  and  solubility  or  paint 
chips  from  coatings  exposed  for  16  years  on  a  test 
fence  at  Madison,  Wis, 

The  paint  chips  were  collected  in  1952  from  naturally  loosened,  coatings  of 
the  "I936  Paint  Maintenance  Tests,"  which  have  been  previously  published 
(6,  7),  The  coatings  on  wood  had  been  maintained  by  painting  in  1936  and 
repainting  at  intervals  until  1948,  when  the  last  coats  of  paint  had  been 
applied.  The  chips  were  of  varying  sizes  and  of  the  measured  thicknesses 
indicated.  They  were  tested  by  immersion  in  distilled  water  at  69,5*  F, 
for  72  hours. 
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ot  paint  coatings  has  been  established 
by  direct  experiment,  it  would  be  un¬ 
wise  to  evaluate  paints  for  practical 
use  on  the  basis  of  the  absorption  of 
water  and  swelling  of  their  free  films. 
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Discussion 

Ross  Marlin  (Sears  Roebuck)  :  Wl  .1 
is  the  effect  of  flow  under  gra\  y 
while  making  samples  on  the  grain  ' 
the  free  films? 

Dr.  Browne:  The  coatings  W'  c 
spread  on  surfaces  in  a  horizontal  p»  ,- 
tion  and  were  kept  in  that  posit  n 
while  the  coatings  dried.  Any  ef! 
of  gravity  would  therefore  be  in  l  e 
direction  of  a  stratification  from  top  n 
bottom  of  the  coating.  Any  effect  >1 
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tlnit  kind  is  probably  small  in  coatings 
high  pigmentation  and  3  to  6  mils 
in  thickness,  especially  so  since  nearly 
.  '1  of  the  pigmented  coating  materials 
'lid  the  consistency  of  house  paints 
..  id  therefore  were  non-Newtonian  in 
!,.)w  properties  and  possessed  an 
,  jipreciable  yield  value.  In  any  event 
!  1C  action  of  gravity  would  be  without 
gard  for  length  or  breadth  of  the 
l  ice  films  and  could  not  have  pro- 
iuced  the  grain  observed  in  paints 
made  with  acicular  pigments.  (It  is 
lApected  that  subsequent  work  will 
j  crmit  a  more  direct  evaluation  of  any 
j  ossible  effect  of  gravity.) 

Paul  Blackmore  (Interchemical 
(  iirp.):  Were  any  experiments  made 
to  see  whether  absorption  and  swelling 
of  paint  films  are  related  to  their  per¬ 
meability  to  water  vapor? 

Dr.  Brotvue:  No  measurements  of 
permeability  to  water  or  to  water 
vapor  have  been  made  with  free  paint 
films  at  the  Forest  Products  Labora¬ 
tory,  though  a  number  of  other  work¬ 
ers  have  recorded  such  measurements 
in  the  literature.  For  examples  see 
Edwards  and  Wray,  bid.  Eng.  Chem. 
28;  349(1936),  Wray  and  Van  Vorst, 
ibid.  25:  842  (1933)  and  Edwards, 
ibid.  25:  846  (1933).  The  method 
used  at  the  Forest  Products  Laboratory 
involves  measurements  of  coatings 
applied  on  all  surfaces  of  pieces  of 
wood,  Browne,  bid.  Eng.  Cheni.  25: 
835(1933)  and  28:  798(1936).  Coat¬ 
ings  on  wood  permit  the  passage  of 
moisture  at  about  the  same  rate  when 
in  contact  with  liquid  water  or  with 
moisture-saturated  air.  No  relation  has 
yet  been  found  between  the  absorption 
of  water  and  swelling  of  films  of 
paints  of  different  compositions  and 
the  permeability  of  the  films  either  as 
free  films  or  as  coatings  on  wood. 
Within  the  limits  of  composition  char¬ 
acteristic  of  house  paints,  a  paint  may 
be  either  relatively  high  or  relatively 
low  in  permeability  and  yet  may  absorb 
much  water  and  swell  greatly.  Much 
speculation  on  this  subject  has  been 
unsupported  by  evidence. 

Mr.  Blackmore:  May  not  absorption 
and  swelling  of  paint  films  be  a  useful 
iiKchanism  for  facilitating  the  escape 
ol  moisture  that  enters  the  substrate 
tlirough  the  unpainted  back  of  boards 
ol  siding,  for  example,  and  must  be 
able  to  pass  out  again  through  the 
painted  face?  If  moisture  cannot  so 

ape  it  may  swell  the  wood  and 
c.inse  checking  and  cracking  of  the 
cutting. 

I  h‘.  Browne:  At  the  present  stage  of 
Oi  l  studies  we  are  trying  to  learn  how 
V  cr  affects  coatings  of  house  paints 
b  '  >re  and  after  aging.  Interpretation 
0‘  he  facts  in  terms  of  the  practical 
pi  Mems  of  painting  houses  may  well 
w  until  we  get  the  facts  together 
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more  completely.  Tentatively,  how¬ 
ever,  it  may  be  pointed  out  that  check¬ 
ing,  which  IS  the  development  of 
fissures  that  begin  superficially  and 
usually  take  a  long  time  to  penetrate 
all  the  way  through  a  coating,  does 
not  offer  escape  passages  for  moisture. 
Moreover,  checking  patterns  are  char¬ 
acteristic  of  the  kind  of  paint,  the 
combination  of  paints,  the  thickness  of 
coating,  and  sometimes  of  the  method 
of  applying  the  paint  but  is  independ¬ 
ent  of  the  nature  of  the  substrate.  A 
given  paint  system  checks  according  to 
its  characteristic  pattern  whether  it  is 
applied  on  swellable  wood,  on  per¬ 
meable  but  non-swellable  stucco,  or  on 
impermeable  and  non-swellable  metal. 

Cracking,  which  is  the  development 
of  fissures  that  pass  entirely  through  a 
coating  from  their  outset,  does  afford 
escape  passages  for  moisture,  though 
they  are  not  necessarily  very  effective. 
Like  checking,  cracking  occurs  on  non- 
swellable  as  well  as  on  swellable  sub¬ 
strates.  Moreover,  those  of  us  who 
have  been  observing  test  fences  and 
houses  carefully  for  many  years  know 
that  freshly  formed  cracks  do  not 
appear  during  the  spring  thaws  or 
during  prolonged  wet  weather  when 
wood  and  coating  are  at  their  maxima 
of  moisture  content.  New  cracks 
appear  during  or  near  the  end  of  dry 
spells  when  wood  and  coating  arc  at 
their  driest.  Such  observations  conflict 
with  the  theory  that  cracking  occurs 
when  wood  by  swelling  puts  the  coat¬ 
ing  of  paint  in  severe  tension.  But 
they  arc  in  harmony  with  the  present 
findings  that  free  films  of  paints 
known  to  be  prone  to  conspicuous 
cracking  swell  and  shrink  more  than 
wood  does  whereas  paints  known  to  be 
highly  resistant  to  cracking  swell  and 
shrink  no  more  than  wood  does.  If 
inequality  in  swelling  and  shrinking 
between  wood  and  paint  coating  is  re¬ 
sponsible  for  deterioration  of  paint 
our  problem  is  to  hold  the  swelling  of 
paint  down  to  no  more  than  that  of 
wood,  for  it  would  certainly  be  objec¬ 
tionable  to  increase  the  swelling  of 
wood. 

G.  F.  Sward  (National  Paint,  Var¬ 
nish  and  Lacquer  Association) :  Are 
paint  blisters  caused  by  swelling  of 
paint  coatings? 

Dr.  Brotvne:  Henry  Green  advanced 
the  theory  that  so-called  moisture 
blistering  of  paint  on  houses  is  caused 
by  absorption  of  water  and  swelling  of 
the  paint  in  his  testimony  in  the  liti¬ 
gation  of  City  Housing  Corp.  vs.  New 
Jersey  Zinc  Co.  before  the  Supreme 
Court  of  New  Jersey  in  1935.  It 
should  be  remembered,  however,  that 
paint  blistering  may  arise  from  a  num¬ 
ber  of  different  causes  not  all  of  which 
involve  moisture.  Sudden  heating  of  a 
coating  to  a  fairly  high  temperature. 


whether  the  coating  is  on  wood  or 
metal,  is  one  way  to  make  it  blister; 
use  is  made  of  it  in  removing  old  paint 
by  blow  torch.  Good  painters  "follow 
the  sun  around  a  house”  to  avoid  the 
temperature  blistering  that  may  occur 
in  a  freshly  applied  coat  of  paint  that 
is  skin-dry  but  is  still  soft  underneath 
when  it  is  heated  moderately  by  strong 
sunshine.  In  that  case  the  pressure  to 
raise  blisters  may  come  from  expansion 
of  air  in  the  wood  underneath  or  from 
volatilization  of  paint  solvents  still 
present  in  the  coating.  Then  there  is 
the  rather  frequent  development  on 
houses  that  have  been  painted  more 
than  once  of  "glossy-backed”  blister¬ 
ing,  in  which  an  unpigmented,  glossy, 
and  often  rumpled  layer  of  varnish¬ 
like  material  is  seen  on  the  back  of 
the  loosened  paint  and  on  the  surface 
underneath.  At  times  the  glossy  mate¬ 
rial  is  found  as  a  soft,  tacky,  very  vis¬ 
cous  liquid  and  at  other  times  it  is 
firm  and  hard.  Such  blistering  comes 
about  from  a  re-softening  of  an  old 
layer  of  paint  long  barred  from  con¬ 
tact  w'ith  air  and  light  by  more  recently 
applied  paint.  There  may  be  an  evolu¬ 
tion  of  gas  in  the  softened  layer  to 
force  up  the  blister,  there  may  be  a 
temperature  rise  while  the  buried  layer 
is  soft  as  in  the  temperature  blistering 
of  freshly  applied  and  skin  dry  paint, 
or  the  most  recent  layers  of  paint  may 
swell  and  come  loose  from  the  soft¬ 
ened  layer  when  water  is  absorbed  or 
when  paint  liquids  are  taken  up  as  a 
brand  new  coat  of  paint  is  being 
applied. 

The  kind  of  blistering  produced  by 
typical  cold-weather  condensation  in 
houses  arises  from  a  fluid  (gas  or 
liquid)  pressure  exerted  against  the 
back  of  the  paint  coating  at  a  time 
when  the  coating  has  been  .softened, 
plasticized,  and  its  adhesion  weakened 
by  the  absorption  of  water.  Swelling 
of  the  paint  film  may  also  be  involved 
but  if  so  the  paint  film  mu.st  swell 
more  than  the  wood  does  for  the 
blister  would  be  drawn  down  against 
the  wood  again  if  the  wood  swelled 
more  than  the  paint  did.  Moisture 
blistering  of  this  kind  has  been  de¬ 
scribed  in  detail  since  1927  in  Forest 
Products  Laboratory  Report  No.  R6, 
which  has  had  wide  distribution. 

To  come  back  directly  to  Mr. 
Sward’s  question,  however,  we  know 
that  paint  coatings  can  easily  be  made 
to  blister  by  swelling  them  with  thc- 
solvent  mixtures  of  which  paint  re¬ 
movers  are  made.  The  blisters  do  not 
always  take  the  well  rounded  shape 
commonly  associated  with  other  forms 
of  blistering  but  rounded  blisters  can 
usually  be  brought  about  by  moderat¬ 
ing  the  speed  and  severity  of  the 
swelling  action,  as  by  letting  only 
(Continued  on  paf^e  226) 
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There  are  several  inter-related  operations  involved  in  prepar¬ 
ing  wood  for  finishing.  These  include  kiln  drying,  storage,  control 
of  atmospheric  conditions  in  plant  during  manufacturing,  machining 
and  sanding.  Although  this  paper  is  primarily  concerned  with  sand¬ 
ing,  it  is  emphasized  that  quality  and  cost  of  sanding  is  always 
directly  and  definitely  affected  by  the  cjuality  of  preceding  operations. 


SANDING  IN  MOST  WOODWORKING 
plants  is  classified  into  three  dif¬ 
ferent  categories:  sanding  before  fin¬ 
ishing,  sanding  intermediate  finishing 
coats  and  wet  sanding  the  finish  coat. 
We  are  limiting  this  discussion  to 
sanding  before  finishing.  Before  dis¬ 
cussing  sanding,  perhaps  we  should 
first  discuss  coated  abrasives,  with 
which  the  sanding  is  done. 

Coated  Abrasives 

Coated  abrasives  (often  called  sand¬ 
paper)  consist  of  abrasive  minerals,  or 
grains,  firmly  anchored  by  adhesives 
to  backings  of  paper,  cloth  or  fibre. 
It  is  a  "far  cry”  indeed  from  the  Mid- 
Eighteenth  Century  product  which  was 
made  of  ground  glass,  with  its  very 
limited  use,  to  the  present  day  abra¬ 
sives,  some  of  which  arc  almost  as 
hard  as  diamonds,  coated  on  paper 
and  cloth  backings  with  specially  de¬ 
veloped  adhesives  and  capable  of  be¬ 
ing  run  at  terrific  speeds,  and  used  for 
grinding  and  polishing  even  the  hard¬ 
est  metals.  It  is  not  generally  realized 
that  coated  abrasives  arc  used  in  some 
manner  in  practically  all  types  of 
manufacturing — wood,  metals,  glass, 
plastics,  leather,  felt  hats  and  for  re¬ 
moving  stains  from  eggs  and  skins 
from  peanuts. 

Grains:  There  are  3  abrasive  min¬ 
erals  commonly  used  in  making  abra- 
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sive  grains  for  wood  sanding.  The 
oldest  and  still  very  commonly  used, 
is  Garnet,  which  is  a  natural  mineral. 
Garnet  is  generally  heat  treated  to 
make  it  harder  and  tougher,  and  to 
increase  its  cutting  efficiency. 

Then,  we  have  Aluminum  Oxide 
and  Silicon  Carbide,  both  of  which 
are  artificial  minerals  produced  by  put¬ 
ting  certain  minerals  in  electric  fur¬ 
naces  and  heating  them  to  very  high 
temperatures.  Both  of  these  artificial 
minerals  are  considerably  harder  than 
Garnet  and  will  generally  outlast  Gar¬ 
net  on  most  wood  sanding  operations. 
All  of  these  abrasive  minerals  arc  orig¬ 
inally  in  chunks  of  various  sizes  and 
they  must  be  crushed  into  the  various 
abrasive  grain  sizes.  These  abrasive 
grains  arc  then  separated  into  the  de¬ 
sired  sizes  by  means  of  very  accurately 
hand-woven  silk  screens.  These  screen 
mesh  openings  are  used  to  designate 
the  size  of  the  abrasive  grain;  thus,  a 
100  grit  grain  will  go  through  a 
screen  mesh  with  100  openings  per 
lineal  inch.  In  the  early  beginnings  of 
the  manufacture  of  coated  abrasives, 
an  arbitrary  gradation  designation  was 
used,  such  as  1/0,  2/0,  etc.  When  the 
screen  mesh  sizes  were  adopted,  in 
order  to  avoid  confusion  especially  in 
woodworking  plants  who  were  accus¬ 
tomed  to  the  old  arbitrary  grade  mark¬ 
ings,  it  was  decided  to  duplicate  these 
markings;  hence,  we  have  0-80,  2/0- 
100,  etc.  It  is  hoped  that  this  dupli¬ 
cation  of  grade  designation  can  be 
eliminated  in  the  not-too-far-distant 
future. 

Backings:  Cloth  backing  and 
paper  backing  are  most  commonly 
used  in  wood  sanding,  and  fibre  back¬ 
ing  is  gaining  wide  acceptance  for 
multiple  drum  sanding.  Also,  a  com¬ 
bination  backing,  which  is  a  thin  layer 


of  paper  and  a  thin  layer  of  cloth 
cemented  together,  is  used  on  certa  a 
strenuous  drum  sanding  operatioi,  . 
Paper  backing  is  available  in  sever  1 
different  weights  and  flexes  beginnin  g 
with  the  light,  flexible  "A”  wei^.it 
commonly  used  in  the  Finishing  d  - 
partments;  "C”  and  "D”  weights  com¬ 
monly  used  for  hand  sanding  in  tiie 
cabinet  department;  and  the  heavi  r 
5-ply  "E”  weight  commonly  used  for 
belts  and  drum  sanders.  There  are  two 
weights  of  cloth  backings  used — t!ie 
heavier  "X”  weight  which  is  commonly 
used  for  edge  belt  and  other  sanding 
operations  where  flexibility  is  not  re¬ 
quired;  and  "J”  weight  or  jeans  whiih 
is  a  lighter  weight  backing  and  whiJi 
is  available  in  various  degrees  of  flex¬ 
ing  to  meet  the  requirements  of  vari¬ 
ous  types  of  molding  sanding  and 
similar  operations. 

Bonds:  The  bonds  or  adhesives 
commonly  used  in  making  coated  abra¬ 
sives  are  high  grade  animal  glues  and 
resins  of  several  different  types.  Until 
a  few  years  ago,  only  glues  and  water¬ 
proof  resins  were  commonly  used  in 
making  coated  abrasives.  These  water¬ 
proof  resins  are  essentially  expensive 
and  difficult  to  handle  in  the  manu¬ 
facturing  processes.  Recently,  otlicr 
types  of  resins,  which  are  not  as  water¬ 
proof  but  which  are  more  practical  to 
handle  in  the  manufacturing  of  coated 
abrasives,  and  which  arc  less  affeeled 
by  heat  and  moisture  than  is  glue,  have 
been  found  and  many  of  the  njw 
coated  abrasives  made  with  this  t\pe 
of  resin  bonding  have  given  outst, Hid¬ 
ing  performances  in  wood  sand  .g. 
Another  new  abrasive  is  made  wiih  a 
combination  of  animal  glue  and  la  in 
bonding  and  this,  too,  has  been  'it- 
standing. 

Coatings:  Most  of  us  are  fame  ir 
with  Closckotc  which  is  generally  t  J 
where  flexibility  is  not  required,  'd 
Openkote  which  is  generally  used  or 
flexible  moulding  cloth  and  for  m- 
ishing  papers  and  for  some  Cal  let 
papers.  Many  of  us  cannot  so  rea  dy 
distinguish  between  products  wi  ah 
have  been  coated  by  the  old-fashie  '-d 
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nethod  where  the  grain  is  sifted  down 
on  to  the  adhesive,  and  the  electro- 
oated  process  where  the  adhesive  is 
ipplied  to  the  underneath  side  of  the 
packing  and  the  abrasive  grain  is  ap¬ 
plied  by  electrostatic  process,  until  we 
‘lave  compared  these  two  methods  of 
Dating  and  discovered  the  extra  sharp¬ 
ness  of  the  electro-coated  product  and 
have  compared  the  productive  capac¬ 
ity  of  these  two  methods  of  coating 
and  discovered  that  the  electro-coated 
product  will  generally  considerably 
out-perform  the  gravity-coated  product. 

Sanding  Before  Finishing 

Each  sanding  operation  in  a  plant 
should  be  considered  in  its  relation  to 
all  other  preceding  and  succeeding 
sanding  operations,  and  it  should  also 
be  kept  in  mind  that  the  kiln  drying 
and  other  machining  operations  have 
a  direct  bearing  on  sanding.  There  is 
very  little  real  economy  eF  ted  by 
using  too  coarse  grits  on  multiple 
drum  Sander  if  this  results  in  addi¬ 
tional  belt  polishing,  nor  is  there  any 
economy  in  a  poor  sanding  job  in  the 
sanding  department  or  cabinet  depart¬ 
ment  which  results  in  excessive  sand¬ 
ing  in  the  finishing  department.  There 
are  so  many  varying  conditions  in  dif¬ 
ferent  plants  and  such  wide  differ¬ 
ences  of  opinion  among  sanding  oper¬ 
ators,  supervisors  and  executives  as  to 
what  is  the  best  sanding  procedure 
that  it  would  be  almost  impossible  to 
outline  a  definite  procedure  which 
would  meet  with  general  approval. 
Therefore,  our  remarks  as  to  proce¬ 
dure  and  grit  sizes  are  not  to  be  taken 
as  definite  recommendations,  but  rather 
as  a  general  overall  procedure  which 
is  subject  to  revision  to  suit  specific 
cases. 

There  is  considerable  difference  of 
opinion  as  to  what  really  constitutes 
a  well  sanded  surface.  For  purposes 
of  this  discussion,  we  will  consider 
that  a  well  sanded  surface  is  a  surface 
where  all  machine  marks  and  other 
irregularities  have  been  removed  and 
the  wood  fibres  cut  down  and  the  abra¬ 
sive  scratch  marks  eliminated  or  re¬ 
duced  to  the  point  where  the  wood 
.surface  may  be  satisfactorily  finished. 
To  obtain  this  desired  result,  we  sug- 
gc.st  the  following  general  procedure. 

Multiple  Drum  Sander 

In  most  plants,  the  first  sanding 
Operation  is  on  the  multiple  drum 
Sander.  There  are  several  different 
tepcs  of  multiple  drum  sanders;  i.e., 
i  idless  bed,  roll  feed,  straight  jaw, 
.'■id  spiral  drum.  The  endless  bed  type 
generally  preferred  in  furniture 
ints,  and  the  roll  feed  is  generally 
'iind  in  plywood  plants.  Straight  jaw 
spiral  drum  is  a  most  controversial 
bject,  preference  depending  on  pre¬ 


vious  experience.  Some  plants  use  a 
drum  Sander  as  a  planer  and,  in  addi¬ 
tion  to  sanding  very  roughly  machined 
stock,  they  flush  dust  panels  and  on 
the  same  machine  try  to  do  a  good  job 
of  sanding  face  veneers.  The  results 
are  seldom  satisfactory.  Other  plants 
do  a  very  excellent  preceding  machin¬ 
ing  job  which  enables  them  to  use 
fine  abrasive  grits  on  their  multiple 
drum  Sander. 

Some  plants  have  one  machine  with 
coarse  grits  for  miscellaneous  jobs, 
and  another  machine  with  finer  grits 
for  veneered  panels  and  accurately 
machined  solid  stock.  Also,  many  large 
plywood  manufacturers  and  furniture 
manufacturers  have  discontinued  sand¬ 
ing  large  veneered  panels  on  the  drum 
Sander  because  of  the  frequency  of 
sanding  through  veneers  and,  instead, 
thf“-  ’  people  rough  sand  these  large 
.neered  panels  with  a  double  belt 
generally  using  I/2  grit  rough  sand¬ 
ing  and  2/0  for  intermediate. 

Where  there  is  only  one  multiple 
drum  Sander  in  a  plant  and  where  this 
machine  is  used  for  general  work  in¬ 
cluding  the  sanding  of  solid  stock, 
glued-up  frames  and  veneer  panels,  a 
common  abrasive  grit  selection  is  No. 
40  (IV2).  No.  60  (I/2),  No.  100 
(2/0)  or  No.  50  (1),  No.  80  (0), 
No.  120  (3/0).  When  sanding 
veneered  panels,  the  first  drum  is  fre¬ 
quently  raised  clear,  thus  using  only 
the  last  two  drums.  In  plants  which 
do  excellent  machining,  grit  sizes  used 
are  frequently  No.  80  (0),  No.  100 
(2/0),  No.  120  (3/0),  and  some¬ 
times  may  go  as  fine  as  No.  150  (4/0) 
on  the  last  drum.  This  setup  is  also 
very  satisfactory  for  sanding  veneered 
panels. 

Closckote  Garnet  Paper  and  Close- 
kote  Adalox  Paper  in  all  the  above 
grit  sizes  are  commonly  used  on  mul¬ 
tiple  drum  sanders  and,  recently,  fibre- 
backed  material  in  grits  120  and 
coarser  has  met  wide  acceptance,  as 
has  the  new  Resinized  Aluminum  Ox¬ 
ide  and  Silicon  Carbide  papers.  Some 
manufacturers  of  low  priced  furniture 
finish  directly  from  the  multiple  drum 
Sander,  but  in  plants  manufacturing 
medium  and  high  grade  furniture 
practically  all  visible  surfaces  are  belt 
polished  after  drum  sanding. 

Polishing  Belts 

There  are  3  general  types  of  polish¬ 
ing  belt  machines  in  common  use.  The 
oldest,  and  the  one  which  is  still  used 
for  general  purpose  sanding  and  pol¬ 
ishing,  is  the  hand  block  sander,  and 
then  we  have  the  lever  stroke  machine, 
and  the  automatic  stroke  machine. 
Both  the  lever  stroke  and  the  auto¬ 
matic  stroke  are  available  in  either 
single  belts  or  double  belts,  and  on 


the  automatic  stroke  the  hydraulic  sys¬ 
tem  has  just  about  replaced  the  old 
gear  and  cable  mechanism  on  the  new 
machines.  There  is  a  wide  difference 
of  opinion  as  to  the  relative  merits  of 
these  3  different  types  of  machines. 
In  general,  the  automatic  stroke  is 
preferred  for  polishing  large  straight 
panels,  whereas  the  other  two  types 
are  generally  preferred  where  there  is 
considerable  spotting,  or  for  polishing 
round  tops  or  panels  with  irregular 
edges,  etc.  The  double  belt  machines 
are  considered  very  practical  where 
two  belting  operations  are  desirable 
unless  glue  sizing  is  practiced,  in 
which  case  the  double  belt  is  not  prac¬ 
tical  because  in  order  for  glue  sizing 
to  be  effective  it  should  be  done  prior 
to  the  last  belting.  Abrasive  grit  sizes 
used  on  polishing  belts  vary  consid¬ 
erably  according  to  conditions.  Where 
one  belting  operation  only  is  em¬ 
ployed,  it  is  seldom  practical  to  go 
more  than  one  grit  size  finer  than  the 
grit  on  the  last  drum  of  the  multiple 
drum  Sander.  In  other  words,  if  2/0 
is  the  last  grit  on  the  multiple  drum 
Sander,  a  3/0  belt  would  generally  be 
used.  If  too  big  a  jump  is  made  be¬ 
tween  the  last  grit  on  the  drum  sander 
and  the  grit  used  on  the  abrasive  belt, 
the  wood  fibres  are  generally  not  prop¬ 
erly  cut  down  and  a  high  gloss  sur¬ 
face  is  produced  which  is  sometimes 
mistaken  for  a  good  sanded  surface, 
but  generally  an  excessive  amount  of 
sanding  results  in  the  finishing  de¬ 
partment.  Where  two  polishing  belts 
are  used,  it  would  be  good  practice  to 
use  the  same  grit  or  one  grit  finer  than 
the  last  drum  on  the  first  belt  and 
jump  two  grits  to  the  final  belt.  To 
summarize,  the  grit  sizes  commonly 
used  on  polishing  belts  vary  from  0 
through  7/0. 

For  the  past  several  years,  the  trend 
has  been  to  increase  the  speeds  of 
polishing  belts  and  this  has  proven 
very  practical  in  the  coarser  grits  and 
on  many  different  types  of  wood,  but 
in  grit  5/0  and  finer,  and  especially 
on  wood  such  as  mahogany,  consid¬ 
erable  burning  has  been  experienced 
at  these  higher  speeds  and  experience 
so  far  seems  to  indicate  that  5000 
SFPM  is  about  the  maximum  speed 
for  these  fine  grits  on  mahogany  and 
similar  woods. 

Edge  Belt  Sanders 

A  wide  variety  of  jobs  are  sanded 
on  edge  belt  machines  and  grit  sizes 
used  include  I/2,  0,  2/0  and  3/0.  "X” 
weight  Garnet  Cloth  is  generally  used 
although  there  is  some  preference  for 
"X”  weight  Aluminum  Oxide  Cloth 
and  many  plants  have  found  it  prac¬ 
tical  to  use  paper  belts  for  straight 
edge  sanding. 
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banding  Mouldings 

The  efficient  sanding  of  mouldings 
requires  a  considerable  amount  of  in¬ 
genuity.  Many  different  methods  are 
employed,  depending  upon  the  shape 
and  detail  of  the  moulding,  the  vol¬ 
ume,  and  frequently  upon  the  ability 
of  the  available  mould  sanding  oper¬ 
ators.  The  most  efficient  and  most 
commonly  used  method  is  the  mould¬ 
ing  belt.  However,  many  moulding 
shapes  cannot  be  readily  sanded  on  a 
belt,  and  must  be  sanded  on  one  of 
the  several  spindle  machines  with  flex¬ 
ible  cloth  abrasive  fastened  over  a  felt 
or  rubber  wheel  shaped  to  fit  the 
moulding.  And  some  mouldings  are 
so  delicate  or  complicated,  or  the  vol¬ 
ume  is  so  small,  that  it  is  more  prac¬ 
tical  to  sand  them  by  hand.  There  are 
two  types  of  moulding  belt  machines 
■ — one  uses  the  hand  block  method 
and  the  other  the  fixed  block  method. 
The  fixed  block  method  is  commonly 
used  for  simple  mouldings  and  is 
more  highly  productive,  whereas  the 
hand  block  method  is  commonly  used 
for  more  complicated  mouldings  or 
for  sanding  odd  shapes.  Openkote 
Jeans  Cloth  in  either  Garnet  or  Alumi¬ 
num  Oxide  and  in  grits  y2,  0,  2/0 
and  sometimes  3/0  are  commonly  used. 
Moulding  cloth  is  available  in  several 
different  degrees  of  flexibility,  such  as 
unflexed,  singleflex,  doubleflex  and 
tripleflex.  The  shape  of  the  moulding 
and  the  preference  of  the  operator 
generally  determines  which  flexibility 
is  used.  Moulding  belts  are  usually 
run  at  a  comparatively  slow  speed  of 
between  2500  SFPM  and  3000  SFPM, 
since  a  high  speed  will  frequently 
cause  burning  and  will  also  make  it 
more  difficult  to  control  the  belt. 

Turning  Sander 

Most  turnings  are  sanded  on  the 
automatic  brush  type  machine  similar 
to  the  Nash  turning  sander,  and  scored 
Garnet  or  Aluminum  Oxide  Paper  in 


grits  1/2  through  5/0  inclusive  are 
commonly  used,  depending  upon  con¬ 
dition  of  turning  and  finish  desired. 

Miscellaneous  Machine  Sanders 

There  is  a  wide  variety  of  other 
machine  sanding  operations,  such  as 
variety  belts,  strapping  belts,  pneu¬ 
matic  drums,  spindle  sanders,  etc., 
which  are  commonly  used  in  most  fur¬ 
niture  plants,  but  time  does  not  per¬ 
mit  the  discussion  of  these  machines 
in  detail.  However,  if  someone  would 
like  a  discussion  of  any  one  of  these 
special  type  machines,  we  would  be 
happy  to  do  so. 

Sanding — Cabinet  or  Assembly 
Department 

Most  progressive  plants  make  every 
effort  to  deliver  the  parts  to  the  assem¬ 
bly  department  completely  sanded  so 
that  the  amount  of  sanding  in  the 
assembly  department  can  be  reduced 
to  an  absolute  minimum.  However,  in 
spite  of  all  efforts  along  this  line,  a 
certain  amount  of  hand  sanding  con¬ 
tinues  to  exist  in  the  cabinet  or  assem¬ 
bly  department.  Some  of  this  is  on 
odd-shaped  parts  which  are  inacces¬ 
sible  or  impractical  to  machine  sand, 
and  on  certain  types  of  furniture  where 
joints  are  flushed  after  assembly,  which 
usually  necessitates  sanding  after  flush¬ 
ing.  Then,  there  is  a  certain  amount 
of  sanding  necessary  to  remove  mars 
which  result  from  handling.  Also, 
many  concerns  are  finding  it  very  de¬ 
sirable  to  sand  all  prominent  face  sur¬ 
faces  with  one  of  the  several  "jitter¬ 
bug”  types  of  machines  just  before  the 
furniture  goes  into  the  finishing  de¬ 
partment.  5/0,  6/0  or  7/0  abrasive 
paper  is  generally  used  on  these  little 
machines,  and  for  hand  sanding,  grits 
0  through  5/0  in  Cabinet  Paper  or 
Finishing  Paper  are  commonly  used. 
Close  supervision  should  be  exercised 
to  assure  that  too  coarse  a  grit  size  is 
not  used. 


Discussion 

G.  A.  Seidel  (Splicedwood  Corp.): 
In  some  plywoods  with  high  moisture 
content,  when  sanded  with  fine  grits, 
the  surface  later  gets  fuzzy. 

Mr.  Gordon:  Certain  woods  will  do 
this.  May  be  caused  by  lack  of  glue 
size.  Or  too  big  a  jump  in  abrasive 
grit  size  results  in  burnishing,  or 
failure  to  sand  off  fuzz. 

Mr.  Seidel:  What  can  be  done  abou: 
it? 

Mr.  Gordon:  Excessive  moisture  i' 
hard  to  beat.  May  be  necessary  tc 
re-sand  after  storing  for  some  time. 

Jack  E.  D.  Batson  (Kittinger  Com 
pany)  :  Is  hot  or  cold  pressed  plywooe 
better  for  sanding? 

Mr.  Gordon:  Depends  on  qualit. 
of  whole  panel  job.  If  a  good  pane 
with  good  surface,  there’s  not  mud 
difference. 

Ellis  Bolton  (Stevens) :  Please  ex 
plain  use  of  flexed  and  non-flexer 
belts? 

Mr.  Gordon:  Single  flexed  or  un 
flexed  belts  used  for  sanding  intricate 
moulded  shapes,  but  require  experi 
enced  operator.  Will  hold  shape  bet 
ter  than  flexed  belt.  Flexible  belt' 
used  for  sanding  simple  shapeei 
mouldings  or  where  operators  are  in 
experienced  in  creasing  and  shaping 

Wayne  Hutchins  (Baker  Furniture 
Company) :  We  have  used  worn  belts 
for  developing  a  polish  on  such  woods 
as  mahogany,  cherry  and  walnut.  Any 
comment? 

Mr.  Gordon:  An  abrasive  is  made 
to  cut.  Old  belts  don’t  cut  well.  They 
are  sometimes  used  for  final  sanding 
on  close  grained  woods  such  as  walnut. 

Ralph  Gasselman  (Paine  Lumber 
Company) :  What  is  fastest  finishing 
speed  with  00  or  000  belts. 

Mr.  Gordon:  7,500  FPM. 
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Physical  factors  that  result  in  finish  of  high  integrity  are  dis¬ 
cussed.  Emphasis  is  laid  on  fact  that  integrity  of  finish  is  intimately 
related  to  details  of  finishing  process,  since  finishing  products  are 
formulated  to  meet  specific  production  requirements.  In  addition,  the 
formula  should  reflect  a  frank  and  open  statement  by  the  customer 
as  to  what  degree  of  quality  he  wants  in  his  finish. 


INTEGRITY,  ACCORDING  to  Noah  Web¬ 
ster,  is  "Moral  soundness,  honesty, 
freedom  from  corrupting  influence  or 
practise,  strictness  in  the  fulfilling  of 
contracts”.  One  may  very  well  ask, 
"How,  then,  can  a  word  like  'Integ¬ 
rity’  be  applied  to  an  inanimate  sub¬ 
stance  such  as  a  furniture  finish?” 
The  answer  is,  of  course,  that  an  in¬ 
animate  object  can,  in  its  perform¬ 
ance,  only  reflect  the  integrity  or  hon¬ 
esty  of  its  creator.  The  opportunities 
for  being  honest,  or  otherwise,  are 
great,  and  depend  largely  on  the  pres¬ 
sures,  economic  and  otherwise,  brought 
to  bear  upon  the  manufacturer,  and 
on  his  ability  and  will  to  resist  them. 

It  is  our  purpose,  in  this  discussion, 
to  relate  what,  in  our  opinion,  con¬ 
stitutes  honesty  in  the  manufacture 
and  sale  of  furniture  finishes. 

The  moral  side  of  the  story  is  cer¬ 
tainly  an  important  one  and  I  would 
like  to  say  a  little  more  about  that 
later  on,  but  first  let  us  look  at  the 
physical  factors  which  result  in  a  fin¬ 
ish  of  high  integrity. 

The  first  place  a  finish  can  go  wrong 
is  during  application.  Any  number  of 
things  may  happen. 

Beginning  with  the  filler,  one  may 
run  in  to  difficult  wiping.  This  is 
usually  the  result  of  an  effort  on  the 
part  of  the  formulator  to  reduce  the 
processing  cycle  and  permit  the  top¬ 
coats  to  be  applied  in  less  time.  Diffi¬ 
cult  wiping  is  seldom  encountered  in 
the  old  oil  type  fillers,  but,  by  the 
saiae  token  they  require  overnight  or 
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longer  to  achieve  a  state  of  dryness 
that  will  permit  the  topcoats  to  be 
applied  without  undue  puffing  of  the 
pores.  As  one  re-inforces  the  drying 
characteristics  in  an  effort  to  speed  up 
the  cycle  the  very  property  you  are 
trying  to  improve  works  against  you 
from  an  application  standpoint.  Thus, 
there  must  be  an  agreement  between 
vendor  and  buyer  as  to  how  much  of 
a  compromise  between  faster  drying 
and  difficult  wiping  is  acceptable.  Fil¬ 
lers  are  presently  available  which  will 
dry  to  recoat  in  a  half  hour,  but  they 
must  be  applied  and  wiped  on  a  very 
strict  schedule.  Minutes  count.  If  the 
wiping  time  is  ten  minutes,  fifteen 
minutes  starts  to  give  trouble  and  in 
twenty  minutes  it  is  too  late. 

These  fast-drying,  synthetic  fillers 
are  designed  for  production  line  work, 
and  where  schedules  can  be  success¬ 
fully  maintained,  they  form  the  base 
for  a  high  integrity  finishing  system. 
They  are  less  subject  to  attack  by  the 
solvents  in  the  topcoats  and  if  a  care¬ 
ful  filling  job  is  done  in  the  first 
place  there  is  less  likelihood  of  puffing 
and  after  shrinkage. 

Filling  properties  are,  of  course,  a 
function  of  filler  solids,  particularly 
pigment  solids,  and  here  is  an  oppor¬ 
tunity  for  the  filler  integrity  to  suffer 
if  the  manufacturer  is  faced  with  an 
unsatisfactory  economic  picture.  Cut¬ 
ting  the  solids  is  the  fastest  way  toward 
cutting  costs.  Thus,  a  lower  price  per 
pound  may  not  necessarily  accrue  to 
the  advantage  of  the  buyer. 

Shrinkage 

Another  common  filler  defect  is 
shrinkage.  This  may  result  from  a 
filler  that  is  too  low  in  solids,  for  the 
reason  previously  described,  or  one 
that  has  been  thinned  too  far  during 
application.  In  some  instances  the 


feeling  exists  that  the  filling  opera¬ 
tion  is  a  necessary  evil  on  which  should 
be  spent  as  little  time  and  money  as 
possible.  This  is  far  from  the  truth. 
The  filling  operation  is  the  founda¬ 
tion  of  your  house  and  a  poor  filling 
job  can  cause  trouble  right  on  through 
the  entire  finishing  operation  and  for 
years  thereafter. 

Shrinkage  will  take  place  if  the 
filler  solids  are  too  high  in  liquid 
binder  and  too  low  in  pigment.  The 
liquid  binders  will  shrink  on  drying 
whereas  pigments  may  pack  a  little  in 
the  pores,  but  will  not  shrink.  Thus, 
proper  formulation  is  a  very  impor¬ 
tant  factor  as  to  whether  or  not  shrink¬ 
age  will  take  place. 

Shrinkage  may  also  be  a  function 
of  the  moisture  content  of  the  wood 
and  subsequent  humidity  changes  dur¬ 
ing  the  drying  period.  If  humidity 
conditions  are  such  that  the  actual 
physical  volume  of  the  pore  increases 
due  to  swelling  after  the  filler  has 
been  applied,  there  will  not  be  enough 
filler  present  to  fill  the  hole,  and  ap¬ 
parent  shrinkage  will  be  the  result. 

If  shrinkage  is  discovered  before 
the  sealers  or  finishing  coats  are  ap¬ 
plied,  it  can  be  corrected  by  repeating 
the  filling  operation.  However,  this 
merely  corrects  the  effect,  not  the 
cause.  For  future  operations,  the  true 
cause  should  be  found  and  eliminated. 
Unfortunately,  in  present  day,  high¬ 
speed  finishing  operations,  filler  shrink¬ 
age  is  seldom  detected  until  after  the 
finishing  coats  have  been  applied.  The 
remedy  at  that  stage  is  to  allow  the 
finish  to  become  thoroughly  dry  by 
aging,  or  to  force  dry  in  a  low  heat 
oven,  followed  by  careful  sanding  of 
the  surface  until  all  of  the  depressions 
caused  by  the  shrinkage  have  been 
eliminated,  and  then  apply  a  final  fin¬ 
ishing  coat,  rubbing  and  polishing 
after  drying  is  completed. 

Puffing 

Puffing  is  a  phenomenon  that  usu¬ 
ally  occurs  when  topcoats  are  applied 
over  a  filler  that  is  too  high  in  vehicle 
solids  or  one  that  is  not  thoroughly 
dry.  It  happens  particularly  in  the  case 
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of  oil  base  fillers  normally  requiring 
overnight  or  longer  before  recoating 
with  the  finishing  coats. 

It  is  known  that  a  drying  oil  forms 
cell-like  structures  known  as  "micelles” 
during  the  drying  process.  These  mi¬ 
celles  have  walls  of  solid  or  gelled  oil 
and  have  a  tendency  to  imbibe  liquids 
with  which  they  are  brought  in  con¬ 
tact.  Very  much  like  a  sponge  in 
structure,  they  behave  very  much  like 
a  sponge  in  practice,  swelling  appre¬ 
ciably  as  the  liquids  are  imbibed.  The 
liquids  in  this  case  are  the  solvents 
and  the'  fluid  vehicle  portions  of  the 
finishing  materials  which  are  applied 
over  the  fillers.  Being  restricted  from 
lateral  expansion  by  the  confines  of 
the  pore  walls,  they  must  expand  up 
and  out  of  the  pore.  When  this  hap¬ 
pens,  it  appears  as  if  the  grain  pat¬ 
tern  of  the  wood  had  literally  swelled. 
If  allowed  to  stand  long  enough,  the 
swelling  will  be  reduced  as  solvent  is 
lost  from  the  pore,  but  this  may  take 
days,  and  sufficient  storage  space  is 
seldom  available  to  permit  this  to  take 
place.  What  usually  happens  is  that 
they  go  after  the  difficulty  with  sand¬ 
paper,  sanding  off  the  ridges  and  ap¬ 
plying  another  finishing  coat  as  before. 
However,  the  swollen  pore  will  con¬ 
tinue  to  lose  solvent  on  aging,  and 
since  it  has  now  been  sanded  flush 
with  the  surface,  it  will  ultimately 
shrink  below  it,  and  the  original  puff¬ 
ing  defect  will  give  way  to  one  of 
shrinkage. 

If  a  filler  that  has  been  properly 
dried  according  to  the  manufacturer’s 
recommendations  still  shows  puffing 
upon  recoating,  the  defect  should  be 
called  to  his  attention.  It  may  be  that 
the  filler  has  lost  some  of  its  drying 
ability  on  aging  due  to  adsorption  of 
drier. 

Super  strong  solvents  in  the  sealer 
or  finishing  coat  may  also  cause  puff¬ 
ing.  In  any  event,  the  cause  rather 
than  the  effect  should  be  found  and 
eliminated  because,  as  pointed  out 
above,  eliminating  the  effect  usually 
results  in  a  shrinkage  problem. 

Graying  of  Pores 

This  is  one  of  the  most  common 
and  most  annoying  of  filler  difficulties. 
It  may  be  the  result  of  a  number  of 
things. 

Fillers  are  composed  largely  of  sili¬ 
cate  pigments  colored  with  only  enough 
strong  toners  to  produce  the  desired 
shade.  If  the  pigment  combination 
that  goes  into  a  given  filler  is  stirred 
together  dry,  it  will  be  quite  gray  in 
color.  The  moment  this  dry  pigment 
mixture  is  wetted  with  water,  solvent, 
oil  or  any  other  medium  that  will 
change  the  refractive  index  of  the 
mass,  it  immediately  assumes  the  pre¬ 
dominating  color  of  the  prime  pig¬ 


ments  used  in  the  composition.  If  the 
liquid  medium  be  water  or  solvent, 
and  if  it  is  allowed  to  evaporate,  the 
color  will  return  to  its  original  gray 
state.  This  is  due  to  the  fact  that  the 
silicate  pigments  have  a  high  degree 
of  opacity  and  tinting  strength  in  the 
dry  state,  but  when  they  are  wet,  they 
are  weak  and  transparent.  The  umbers, 
siennas  and  Vandykes,  on  the  other 
hand,  develop  a  strong  color  when 
they  are  wet  so  that  the  whiting  effect 
of  the  extenders  is  completely  masked. 
Since  fillers  are  by  nature  extremely 
high  in  pigment  and  low  in  binder, 
it  sometimes  happens  that  there  is  lit¬ 
tle  or  no  more  oil  present  than  just 
enough  to  satisfy  the  oil  absorption 
requirements  of  the  pigment.  If  any 
other  source  makes  a  demand  on  this 
oil,  such  as  capillary  attraction  by  the 
cells  of  the  wood,  the  amount  of  oil 
left  may  be  less  than  that  required  to 
wet  the  pigment,  and  the  silicate  pig¬ 
ments  regain,  to  a  degree,  their  dry 
hiding  value,  and  the  effect  is  the 
same  as  if  a  white  pigment  had  been 
added  to  the  pigment  mix.  If  the  wood 
appears  to  be  exerting  a  considerable 
suction  effect  on  the  filler,  it  may  be 
reduced  or  eliminated  by  applying  a 
wash  coat  of  lacquer  sealer,  thinned 
way  down  in  solids.  This  tends  to  seal 
off  the  capillaries  and  stop  the  suc¬ 
tion.  The  filler  may  then  be  applied 
over  the  wash  coat  without  subse¬ 
quently  turning  gray. 

Actual  photomicrographs  have  been 
made  which  show  that  there  is  some¬ 
times  a  tendency  for  actual  pigment 
migration  in  the  pore.  If  there  is  any 
vehicle  motion  due  to  suction,  it  may 
carry  with  it  some  of  the  finer  pig¬ 
ment  particles,  and  since  the  motion 
is  into  the  wood,  and  if  these  fines 
happen  to  be  the  color  forming  bodies, 
they  migrate  to  the  bottom  of  the 
pore,  leaving  the  white  silicate  pig¬ 
ments  at'  the  top.  If  this  happens, 
graying  will  be  the  inevitable  result. 

It  is  also  felt  that  graying  may 
sometimes  be  the  result  of  under  dried 
filler,  and  that  the  grayness  is  caused 
by  an  oil  bloom.  Graying  of  pores  has 
been  found  to  be  much  more  preva¬ 
lent  in  mahogany  than  in  walnut  or 
other  open  grained  woods,  a  fact 
which  has  not  been  suitably  explained. 

In  application  of  sealers  and  top¬ 
coats  a  whole  new  set  of  difficulties 
may  arise. 


Pinholing 

Pinholing  is  one  of  the  most  com¬ 
mon  defects,  and  it  can  be  caused  by 
a  number  of  conditions.  It  may  be 
caused  by  the  presence  of  water  or  oil 
in  the  air  lines.  Both  of  them  are  in¬ 
compatible  with  the  finishing  material 
and  will  form  little  globules  in  the 
film  which  may  break  through  of  their 


own  accord,  or  which  may  remain  as  a 
submerged  bubble  until  released  dur¬ 
ing  subsequent  sanding  operations. 
Very  often  pinholes  are  invisible  until 
sanding  has  been  performed  on  the 
surface,  during  which  operation  the 
products  of  attrition  are  deposited  in 
the  voids  of  the  pinhole,  showing  up 
as  white  specks. 

Pinholing  may  also  be  caused  b) 
too  much  air  pressure,  by  improper 
solvent  balance,  (usually  an  excess  oi 
a  highly  volatile  solvent  such  as  ethy! 
acetate),  spraying  a  surface  that  is  too 
warm,  trapping  of  air  or  moisture  in 
the  pores  (a  condition  which  is  use 
ally  the  result  of  a  poor  filling  job  ; 
The  effect  of  pinholing  may  also  l> 
produced  by  the  accumulation  of  di  t 
on  the  wet  surface  which  is  subsc 
quently  removed  during  the  sandin^ 
operation  leaving  holes  which  fill  ii  i 
with  the  products  of  attrition. 

Whatever  the  cause,  pinhole  d. 
fects  can  be  repaired  only  by  repeated 
sanding  and  refinishing  until  they 
have  been  mechanically  eliminated.  As 
always,  it  is  important  to  find  at;  1 
eliminate  the  cause  rather  than  tl.j 
effect. 

Blushing 

Blushing  is  a  very  familiar  phe¬ 
nomenon,  and  one  which  is  fairly 
easily  corrected.  Blushing  is  usually- 
associated  with  high  humidity  contli- 
tions  in  the  finishing  room.  It  is  a  well 
known  fact  that  when  any  sort  of  a 
solvent  evaporates  from  a  surface,  that 
surface  is  cooled  because  some  of  its 
heat  goes  to  supply  the  latent  heat  of 
evaporation  of  the  solvent.  If  the  rela¬ 
tive  humidity  in  the  room  is  close  to 
the  dew  point,  that  few  degrees  of 
cooling  may  be  enough  to  cause  water 
to  precipitate  on  the  surface  of  the 
film.  Water,  being  a  precipitant  tor 
nitrocellulose  and  most  other  film 
formers,  causes  the  film  solids  to  fall 
out  of  solution  in  a  finely  dividul. 
colloidal  form  at  the  point  of  conr.ict 
with  the  moisture.  If  the  solvent  is 
slow  enough  and  rich  enough,  this 
precipitate  may  redissolve  of  its  own 
accord  before  the  film  becomes  fin.’.ily 
dry,  and  if  it  does,  no  harm  is  do  >e. 
If  the  film  dries  before  the  blush  dis¬ 
appears,  it  will  be  permanent.  H(  v- 
ever,  the  defect  can  usually  be  cor¬ 
rected  by  adding  five  or  ten  pen.  nt 
of  a  slow,  rich  thinner  to  the  lacqr  r. 
This  reduces  the  evaporation  rate  'd 
therefore  the  rate  of  cooling.  It  /  o 
helps  to  keep  the  film  open  lu  ig 
enough  so  that  any  blush  which  p- 
pears  may  be  redissolved.  In  the  c’.  nt 
the  blush  does  not  redissolve,  it  i  jy 
be  eliminated  by  spraying  the  affcc  .d 
surface  with  the  slow  solvent. 

Blushing  may  also  be  caused  by  m 
improper  solvent  balance  in  the  '  x- 
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•juer.  Most  lacquer  thinncrs  are  com- 
I'Osed  of  mixtures  of  esters  and/or 
ketones  with  aromatic  and  aliphatic 
lydrocarbons  such  as  toluol,  xylol,  and 
ictrolcum  diluents.  The  latter  are  not 
olvents  for  nitrocellulose,  but  are  tol- 
.  rated  by  it  in  quantities  up  to  60  or 
"O  percent  of  the  solvent  mixture. 
Thus  the  hydrocarbons  are  used  to  re- 
iuce  the  solvent  strength  of  the  thin- 
iier  (so  that  it  will  not  swell  fillers, 
,'Op  under-coats  and  be  otherwise  gen- 
rally  obnoxious),  as  well  as  to  make 
he  thinner  economically  more  attrac- 
:ive.  However,  if  a  thinner  formu- 
lator  gets  too  close  to  the  economic 
liorder  line,  he  may  find  himself  in  a 
position  where  somewhere  during  the 
evaporation  rate  the  thinner  composi¬ 
tion  develops  an  excess  of  hydrocar¬ 
bon,  in  which  case  the  hydrocarbon 
insoluble  portions  of  the  film-forming 
solids  pop  out  of  solution,  causing  a 
blush.  Correction  of  the  defect  is  the 
same  as  before — namely,  spraying  with 
a  strong,  slow  solvent.  However,  it  is 
much  better  to  put  the  strong,  slow 
solvent  in  the  thinner  in  the  first  place 
and  prevent  the  blush  from  occurring. 
Here  is  another  instance  where  the 
integrity  of  the  finish  may  be  affected 
by  the  integrity  of  the  formulator  and 
his  ability  to  resist  economic  pressures. 

Runs  and  Sags 

Runs  and  sags  are  mechanical  de¬ 
fects  and  are  caused  by  applying  too 
much  material  in  one  place  causing  it 
to  flow  of  its  own  sheer  weight.  Runs 
and  sags  are  most  prevalent  on  a  ver¬ 
tical  surface  but  are  also  in  evidence 
on  flat  surfaces  where  the  material 
runs  toward  one  edge  and  tends  to 
pile  up  on  that  edge.  This  condition  is 
known  as  a  "fatty  edge”.  Runs  and 
sags  may  be  overcome  by: 

1.  Building  up  the  viscosity  (using 
less  thinner) 

2.  Using  a  more  volatile  thinner 
which  allows  a  sharp  rise  in  vis¬ 
cosity  between  the  gun  and  the 
work. 

3.  Cutting  down  the  pressure  on 
the  tank  which,  in  effect,  means 
putting  on  less  material,  and 

4.  Getting  better  atomization,  either 
by  stepping  up  the  atomization 
pressure  or  by  using  a  better  tip 
on  the  spray  gun. 

Creeping  or  Crawling 

Occasionally  a  finishing  material 
'  .'11  tend  to  pucker  or  creep  on  dry- 
i:ig.  This  is  usually  a  phenomenon  of 
1  or  wetting  and  is  observed  fre- 
<■■■  icntly  in  certain  types  of  vehicles, 
s  ch  as  spirit  soluble  phenolics.  Where 
t  le  surface  tension  of  the  vehicle  is 
1  ;h,  it  becomes  extremely  sensitive 
t  small  amounts  of  dirt  or  grease  on 


the  surface  being  sprayed.  Sometimes 
a  surface  tension  reducer  can  be  found 
that  will  eliminate  this  tendency.  Usu¬ 
ally,  however,  it  is  simpler  to  elimi¬ 
nate  the  source  of  grease  or  dirt. 

Crawling  may  also  be  caused  by  the 
presence  of  solid,  incompatible  sub¬ 
stances  in  the  finishing  material.  In 
the  case  of  varnishes,  invisible  gel 
particles  formed  during  the  cooking 
of  the  varnish  and  not  removed  by 
ordinary  filtration  processes  may  cause 
crawling.  Waxes  and  other  agents 
added  to  films  in  small  amounts  to 
create  marproofness  may  cause  crawl¬ 
ing  if  used  in  excess. 

Lifting 

Lifting  is  a  phenomenon  seldom 
encountered  in  lacquers,  but  frequently 
in  varnishes.  Everyone  has  seen  the 
effect  of  paint  remover  on  a  varnish 
film.  The  same  thing  frequently  hap¬ 
pens  when  a  second  coat  of  material 
is  applied  over  a  first  coat  that  has  not 
thoroughly  dried.  It  occurs  infre¬ 
quently  in  lacquers  because  most  wood 
lacquers  contain  little  or  no  oxidizing 
type  resins.  Lifting  is  probably  asso¬ 
ciated  with  micelle  formation  during 
oxidation,  and  the  resultant  imbibing 
and  swelling  of  the  film  when  addi¬ 
tional  liquid  is  added.  In  most  oxidiz¬ 
ing  type  films  there  seems  to  be  a 
critical  period  during  the  drying  time 
when  lifting  will  occur.  Before  oxida¬ 
tion  gets  well  started  (before  the  mi¬ 
celles  are  formed),  the  film  may  be 
recoated  without  danger.  Likewise 
after  oxidation  is  well  along  (the  mi¬ 
celles  have  become  well  filled  with 
solid  vehicle),  recoating  may  also  be 
performed  without  damage.  During 
this  critical  period  of  a  few  hours, 
however,  lifting  is  almost  sure  to  occur, 
especially  where  the  solvents  used  in 
the  subsequent  coats  are  strong. 

Lifting  may  also  be  caused  by  the 
presence  of  dirt,  grease  or  wax  on  the 
surface  being  coated.  If  any  of  these 
materials  arc  present  and  did  not  show 
up  as  creeping  or  crawling  during  the 
initial  application,  they  may  show  up 
as  lifting  during  the  second  coat  ap¬ 
plication  due  to  the  fact  that  the  first 
coat  has  not  developed  adhesion  at  the 
affected  points. 

In  lacquers,  lifting  may  be  elimi¬ 
nated  by  avoiding  the  use  of  oxidiz¬ 
ing  type  resins.  This  may  not  be  de¬ 
sirable  for  other  reasons,  such  as  a 
sacrifice  in  film  toughness  or  adhesion. 
Lifting  may  be  reduced  or  eliminated 
by  using  weaker  solvents  in  subse¬ 
quent  coats,  by  allowing  sufficient  dry¬ 
ing  time  or  by  force  drying  the  under¬ 
coats,  or  by  rccoating  immediately  be¬ 
fore  drying  has  had  a  chance  to  take 
place. 


Poor  Sanding 

Sealers  are  usually  sanded  to  over¬ 
come  any  surface  irregularities  that 
remain  in  the  wood,  and  to  knock 
down  any  wood  fibres  that  may  have 
been  raised  during  the  initial  coating 
operation.  In  order  to  facilitate  sand¬ 
ing,  small  amounts  of  metallic  soaps, 
such  as  zinc  stearates,  are  added.  Un¬ 
fortunately,  these  pigments  contribute 
to  undue  softness  and  poor  film 
strength  as  well  as  poor  adhesion  be¬ 
tween  sealer  and  topcoat.  Thus,  there 
is  the  tendency  of  the  finish  manufac¬ 
turer  to  use  the  minimum  amount  of 
stearate  that  will  satisfy  the  sanding 
requirements  of  the  customer.  Some¬ 
times  he  may  lean  over  a  little  back¬ 
wards,  and  then  the  film  will  clog  up 
the  sandpaper,  causing  it  to  be  re¬ 
placed  more  frequently.  Since  sand¬ 
paper  represents  one  of  the  substan¬ 
tial  items  of  finishing  cost,  this  usually 
results  in  a  bitter  complaint.  How¬ 
ever,  the  medicine  (more  zinc  stea¬ 
rate)  may  frequently  cause  more  of  a 
headache  than  the  disease  for  reasons 
described  above. 

Poor  sanding  may  also  be  caused 
by  an  under-dried  film  which  may  in 
turn  result  from: 

1.  Too  much  film  thickness, 

2.  Too  slow  a  solvent, 

3.  Poor  ventilation  in  the  drying 
room, 

4.  An  excess  of  plasticizer  in  the 
formula, 

5.  Presence  of  wax  on  the  surface 
(from  paint  remover,  perhaps), 

6.  Absorption  of  oil  or  plasticizer 
from  an  under-dried  filler, 

7.  Too  low  a  temperature  to  permit 
normal  release  of  solvent, 

8.  Use  of  resins  having  poor  sol¬ 
vent  release  (usually  a  function 
of  low  melting  point),- 

9.  Improper  solvent  balance  caus¬ 
ing  rapid  drying  of  the  film  sur¬ 
face  (case-hardening)  but  trap¬ 
ping  considerable  solvent  under¬ 
neath,  which  acts  as  a  temporary 
plasticizer  as  long  as  it  is  present. 

Shelving  or  Laminating 

This  phenomenon  is  the  result  of 
failure  of  the  topcoats  to  adhere  to 
those  previously  applied  so  that  when 
the  film  is  finally  dried,  one  can  sepa¬ 
rate  one  coat  fro.m  the  other  by  scratch¬ 
ing  with  the  fingernail  or  a  knife 
blade.  If  shelving  does  not  show  up 
at  once,  it  will  usually  become  mani¬ 
fest  during  the  rubbing  and  polishing 
or  touch-up  operations  because  if  the 
film  is  sanded  or  rubbed  through,  the 
topcoat  will  begin  to  tear  away  from 
the  under  coat  and  will  continue  to 
do  so  as  long  as  sanding  or  rubbing  is 
attempted.  Shelving  may  be  caused  by: 
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1.  Too  much  metallic  soap  in  the 
scaler, 

2.  First  coat  dried  too  long  before- 
application  of  the  second, 

3.  Too  weak  a  solvent  mixture  in 
the  topcoat, 

4.  Low  natural  adhesion  in  the  top¬ 
coat. 

5.  Brittleness  in  the  topcoat, 

6.  Grease  or  dirt  between  coats  due 
to  excessive  and  careless  han¬ 
dling. 

Shelving  can  seldom  be  repaired 
except  by  complete  stripping  and  re¬ 
finishing  of  the  work.  It  may  be  worth 
while  to  try  spraying  with  strong  sol¬ 
vent  or  putting  in  an  oven  to  sec  if 
the  two  coats  can  be  fused  together, 
but  more  often  than  not  such  attempts 
will  J)e  doomed  to  failure. 

Excessive  Orange  Peel 

Orange  peel  is  a  phenomenon  well 
described  by  the  name.  It  is  a  pebbly 
surface  very  much  like  that  of  an 
orange,  and  is  caused  by  failure  of 
the  film  to  flow  out  smoothly  after 
being  deposited. 

The  need  for  flow  is  occasioned  by 
the  fact  that  the  spray  gun  deposits 
the  film  in  the  form  of  droplets  which 
must  flow  to  continuity  before  drying 
takes  place.  Thus  orange  peel  may  be 
a  function  of  the  degree  of  atomiza¬ 
tion  of  the  fini.shing  material  leaving 
the  gun.  This  in  turn  may  be  a  func¬ 
tion  of  the  air  pressure,  the  fluid  pres¬ 
sure,  the  type  of  atomizing  tip,  the 
viscosity  of  the  material,  the  tempera¬ 
ture,  or  a  host  of  other  variables. 

Orange  peel  may  or  may  not  be 
serious  depending  upon  the  ability 
(or  lack  of  it)  of  the  material  to  flow 
after  it  hits  the  work,  and  the  atti¬ 
tude  of  the  customer  toward  orange 
peel.  The  ability  to  flow  will  be  a 
function  of  the  wetness  of  the  film, 
the  viscosity  of  the  material,  the 
choice  of  solvents,  the  temperature  in 
the  drying  room  and  how  much  the 
coat  in  question  penetrates  the  sur¬ 
face  on  which  it  is  applied,  or  bites 
into  the  under  coats  over  which  it  is 
applied.  A  material  which  may  flow 
beautifully  when  applied  as  a  first 
coat  on  bare  wood  or  metal  may  not 
flow  at  all  when  applied  as  a  second 
coat  over  itself.  Conditions  of  environ¬ 
ment  arc  all  important  and  must  be 
controlled  accordingly. 

Orange  peel  may  be  overcome  by 
spraying  at  reduced  viscosity,  by  using 
slower  solvents,  higher  atomizing 
pressures,  better  atomizing  tips,  spray¬ 
ing  at  higher  fluid  temperatures  (which 
amounts  to  lowering  the  viscosity), 
spraying  in  a  cooler  room  (which  pre¬ 
vents  the  film  from  setting  up  before 
it  can  flow  out),  avoiding  sudden 
drafts  (also  tending  to  set  up  the  films 
prematurely). 


Occasionally  films  which  seem  to 
flow  out  smoothly  when  first  applied 
will  still  dry  down  with  an  orange 
peel  effect.  This  is  usually  due  to  an 
improper  .solvent  balance  and  is  the 
result  of  uneven  evaporation  and  the 
formation  of  vortices  in  the  film. 
These  vortices  can  frequently  be  seen 
with  the  naked  eye,  particularly  in 
pigmented  films.  They  usually  result 
in  pigment  flooding,  and  the  separa¬ 
tion  of  the  pigment  particles  outlines 
the  six-sided  figures  formed  by  the 
vortex  cells.  Improved  solvent  bal¬ 
ance  is  the  best  answer  to  this  type  of 
orange  peel.  • 

Bridging 

Bridging  occurs  when  the  film  con¬ 
tracts  so  much  on  drying  that  it  pulls 
away  from  the  deeper  part  of  a  recess. 
Eor  example,  in  spraying  a  coffee- 
table,  lacc|uer  might  bridge  over  the 
moulding,  and  the  film  on  drying 
would  exhibit  no  adhesion  at  this 
point.  In  other  words,  the  film  has  a 
loose,  concave  appearance  rather  than 
a  sharp,  tight  angle. 

Lacquers  that  are  high  in  nitrocellu¬ 
lose,  particularly  high  viscosity  nitro¬ 
cellulose,  tend  to  exhibit  this  type  of 
behavior.  Too  fast  a  thinner  and  too 
heavy  a  coat  will  also  produce  this 
condition.  If  the  defect  is  discovered 
in  time,  it  can  usually  be  corrected  by 
slitting  the  bridge  with  a  sharp  razor 
blade  and  adding  .some  slow  .solvent 
to  subsequent  coats. 

Dry  Spray- 

Dry  spray  causes  the  work  to  have 
a  sandy  appearance.  It  is  caused  by: 

1.  Too  much  air  pressure, 

2.  Solvents  that  are  too  fast, 

3.  Too  high  viscosity, 

4.  Holding  the  gun  too  far  from 
the  work  or  moving  it  too  rap¬ 
idly, 

5.  Solvents  that  are  too  lean. 

Dry  spray  frequently  occurs  when 
an  operator  permits  overspray  from 
one  part  of  the  operation  to  collect  on 
another  part  of  the  piece.  If  the  nature 
of  the  piece  is  such  that  overspray 
cannot  be  avoided,  the  operator  should 
keep  the  oversprayed  areas  ahead  of 
the  gun  so  that  he  can  wet  dow-n  the 
spray. in  suKsequent  passes  of  the  gun, 
dissolving  it  into  the  film.  If  this  is 
not  feasible,  dry  spray  may  be  redis¬ 
solved  by  mist  coating  the  work  with 
a  rich,  slow  thinner. 

As  in  the  ca.se  of  blushing,  how¬ 
ever,  it  is  best  to  have  the  rich,  slow 
thinner  in  the  formula  in  the  first 
place  and  avoid  the  dry  spray. 

Poor  Rubbing  and  Polishing 

Like  poor  sanding,  poor  rubbing 
and  polishing  is  usually  the  result  of 


a  film  that  is  too  soft.  Here,  too,  it 
may  be  the  result  of  too  much  film 
thickness,  too  slow  a  solvent,  poor 
ventilation,  too  much  plasticizer,  etc. 
It  may  also  be  due  to  the  use  of  resins 
that  do  not  have  the  inherent  ability 
to  rub  and  polish.  In  general,  resins 
which  impart  the  greatest  durability, 
such  as  the  alkyds,  have  the  least  abil 
ity  to  rub  and  polish,  and  most  lac¬ 
quers  have  to  be  a  compromise  be¬ 
tween  these  two  properties. 

If  it  is  determined  that  a  lacquer 
film  is  thoroughly  dried,  and  it  wilt 
still  not  rub  and  polish,  the  only  rent 
edy  is  reformulation. 

Printing 

Printing  is  the  result  of  applyin 
too  much  pressure  to  the  film  before 
it  is  thoroughly  set.  Printing  usuall 
occurs  if  the  articles  are  prematurel 
packed.  If  the  soft  film  comes  in  con 
tact  under  slight  pressure  with  an 
portion  of  the  wrapping  material,  i 
will  leave  its  impre.ssion  in  the  film 
A  properly  formulated  and  thorough!  - 
dried  film  should  be  able  to  withstaiii 
packing  pressure  of  two  to  fon. 
pounds  per  .sejuare  inch  after  air  dr\ 
ing  overnight.  If  it  does  not,  ther 
may  be  solvent  trapped  in  the  filir, 
the  film  may  be  too  thick,  the  tern 
perature  of  the  warehouse  may  be  too 
high  (most  films  are  quite  thermo 
plastic  when  they  are  fresh),  or  tiu 
film  may  be  too  soft  for  any  one  of 
the  dozen  or  so  reasons  mentioned 
previously.  Sometimes  these  reasons 
are  hard  to  find,  but  a  careful  seanii 
will  usually  smoke  out  the  culprit. 

Blooming 

Blooming  is  the  appearance  of  .i 
smoky,  hazy  film  on  the  surface  of  the 
finished  piece.  It  will  asually  wipe  off 
with  polish  but  return  again  in  a  few 
hours.  Blooming  is  sometimes  caused 
by  the  use  of  an  oil  base  rubbing  or 
polishing  compound  on  a  film  that  is 
still  .soft  because  of  retained  solvent 
Some  of  the  oil  apparently  enters  tiu. 
film,  and,  being  incompatible  with  tii. 
film-forming  ingredients,  sweats  out 
later  on  the  surface. 

A  bloom  may  al.so  be  caused  by  i 
slight  incompatibility  of  the  film 
forming  materials.  This  type  of  blooi  i 
can  seldom  be  removed  by  polishing 

Discoloration 

DLscoloration  usually  takes  the  form 
of  yellowing.  All  nitrocellulose  la 
quers  will  yellow  eventually  if  c 
posed  to  strong  sunlight  due  to  hi 
eration  of  small  amounts  of  nitric  o 
ide  from  the  pyroxylin.  Rapid  ar  1 
severe  yellowing,  however,  is  usual 
the  result  of  a  poor  choice  of  resii  ^ 
or  plasticizers.  The  formulator  mn  t 
know  the  color  retention  characteristi  > 
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v'f  his  ingredients.  Yellowing  is  not 
oo  serious  on  dark  colored  woods, 
'Ut  the  ever  expanding  use  of  bleached 
Yoods  demands  great  care  in  the  selec- 
!on  of  non-yellowing  film  formers. 
There  is  no  cure  for  yellowing  except 
■formulation. 

Checking 

Checking  is  probably  the  number 
me  nightmare  of  the  furniture  hn- 
^her,  and  it  is  particularly  insidious 
i>ccause  he  never  knows  when  it  will 
trike. 

We,  at  Interchemical,  have  devel¬ 
oped  a  technique  of  rating  the  check- 
resistance  of  finishes  in  terms  of  their 
distention  potential.”  It  makes  a  very 
interesting  story,  and  one  that  I  think 
you  would  like  to  hear  because  it  takes 
tlie  guesswork  out  of  the  checking 
problem. 

Distention  potential,  hereinafter 
known  as  D.  P.  for  short,  is  defined 
as  the  inate  ability  of  a  finishing  sys¬ 
tem  to  absorb  the  stresses  and  strains 
created  because  of  the  dimensional  in¬ 
stability  of  the  substrate  without  phys¬ 
ical  destruction  to  itself.  Or,  in  more 
practical  parlance,  it  sets  up  numerical 
odds  as  to  the  probability  of  a  finish 
checking  when  subjected  to  abnormal 
conditions  of  temperature  or  humidity. 

To  one  thoroughly  initiated  in  the 
art  of  furniture  finishing  the  question 
immediately  arises,  "How  can  one  do 
this  with  any  degree  of  certainty?” 
Based  on  past  experience,  that  is  a 
very  sound  question.  I  should  like  to 
describe  to  you  an  instrument  and  a 
method  of  operating  it  that  takes  the 
checking  problem  out  of  the  realm 
of  the  pari-mutuel  and  places  it  on  a 
basis  of  scientific  forecasting. 

However,  before  getting  into  a  dis¬ 
cussion  of  the  instrument  and  its  op¬ 
erating  technique,  let  us  try  to  answer 
the  question,  "How  much  does  a  film 
have  to  stretch  in  order  successfully  to 
withstand  the  strains  induced  in  it  by 
the  dimensional  instability  of  the  sub¬ 
strate  in  an  everchanging  atmospheric 
environment?” 

The  coefficient  of  thermal  expan¬ 
sion  of  wood,  e.g.  expansion  due  to 
rise  in  temperature,  may  be  in  the  or¬ 
der  of  *)  X  inches  per  inch  per 

degree  centigrade  in  the  direction  of 
tile  grain  whereas  across  the  grain  the 
dimensional  change  is  40  to  50  X 
iiulies  per  inch  per  degree  centigrade. 
Ill  simpler  terms,  this  means  that  di- 
iiii  nsional  change  across  the  grain  is 
<o  10  times  as  great  as  that  with  the 
gi  iin  and  that,  across  the  grain,  every 
h  ear  inch  w'ill  change,  .00004  to 
1005  inches  for  every  degree  of 
t-  iperature  change  on  the  centigrade 
s  !e. 

\t  first  glance  this  may  seem  like 
'  little,  but  a  short  session  with 


pencil,  paper  and  a  slide  rule  quickly 
reveals  the  startling  information  that 
the  dimensional  change  of  a  three-foot 
panel  going  from  a  factory  or  a  ware¬ 
house  room  at  75°  F.  into  a  freight 
car  or  truck  at  25°  F.  is  more  than 
one-eighth  of  an  inch ! 

In  addition  to  thermal  changes  we 
must  consider  the  changes  that  are  the 
result  of  variations  in  humidity.  These 
changes  are  very  real  and  very  often 
unpredictable.  In  spite  of  the  great 
lengths  to  which  furniture  manufac¬ 
turers  go  to  control  the  moisture  con¬ 
tent  of  their  lumber,  the  danger  of 
humidity  checking  is  ever  present. 

The  important  thing  in  designing 
a  finishing  system  for  wood  is  to  build 
into  it  a  limit  of  elasticity  that  is  sub¬ 
stantially  greater  than  the  maximum 
dimensional  change  one  might  expect 
to  encounter  during  the  most  adverse 
conditions.  This  calls  for  a  film  of 
great  flexibility  and  tensile  strength, 
both  of  which  properties  must  be 
achieved  without  too  much  of  a  com¬ 
promise  with  hardness,  print-proof- 
ness  and  the  ability  to  take  a  poli.sh. 
To  do  this  takes  considerable  formu¬ 
lating  ingenuity,  but  an  even  neater 
trick  is  to  know  with  'certainty  when 
the  goal  has  been  achieved. 

Interchemical  technicians  recognized 
the  crying  need  for  a  better  method  of 
predicting  the  check  resistance  of 
wood  finishing  materials  and  set  about 
to  devise  ways  and  means  for  obtain¬ 
ing  n  'iable  .scientific  data  that  would 
enable  lliem  to  make  such  predictions 
accurately  and  dependably.  The  result 
was  an  instrument  known  as  the  In- 
terchemical-Mullen  distent iometer. 

It  is  axiomatic  to  state  that  in  order 
to  obtain  reliable  scientific  data  one 
mu.st  eliminate  all  variables  and  un¬ 
certainties.  Since  the  wood,  itself,  is 
one  of  the  greatest  of  these,  any  cold- 
check  test  based  on  wood  as  a  sub¬ 
strate  is  bound  to  be  extremely  un¬ 
reliable. 

The  ideal  situation  from  a  technical 
standpoint  would  be  to  apply  the  fin¬ 
ish  at  a  carefully  controlled  film  thick¬ 
ness  on  a  substrate  that  could  be  dis¬ 
tended  at  a  constant  rate  at  a  given 
constant  temperature. 

That  is  what  we  have  attempted  to 
do  in  the  past  in  the  conventional 
cold-check  te.st  where  the  finish  is  ap¬ 
plied  to  a  wood  panel  and  subjected 
to  alternate  cycles  of  heat  and  cold; 
but,  unfortunately,  the  direction  and 
magnitude  of  the  induced  dimensional 
change  cannot  be  controlled  or  pre¬ 
dicted  except  in  very  general  terms. 

However,  an  acceptable  substrate- 
may  be  found  in  the  form  of  very 
thin  sheet  copper  of  known  and  speci¬ 
fied  temper  and  ductility.  When  such 


a  surface  is  coated  with  the  film  under 
test,  the  sheet  and  the  film  together 
may  be  deformed  under  carefully  con¬ 
trolled  conditions  of  temperature  and 
humidity,  and  at  a  constant  rate.  The 
deformation  is  brought  about  by  the 
application  of  hydraulic  pressure  to 
the  under  side  of  the  sheet  resulting 
in  the  formation  of  a  hemispherical 
section,  or  "blister”,  the  surface  area 
of  which  represents  a  measurable  in¬ 
crease  of  its  original  dimensions  as  a 
function  of  the  height  of  the  blister. 

The  whole  assembly  is  mounted  in 
a  refrigerated  cabinet  where  tempera¬ 
ture  is  thermostatically  controlled.  The 
copper  panel,  after  ageing  for  a  length 
of  time  and  at  a  temperature  sufficient 
to  permit  complete  solvent  release 
(usually  16  hours  at  120°  F.  in  a 
forced  draft  convention  oven),  is 
placed  in  the  cabinet  and  permitted  to 
reach  thermal  equilibrium  prior  to 
testing.  It  is  then  clamped  securely  in 
a  circular  orifice  in  contact  with  a 
rubber  diaphragm  which  closes  one 
end  of  a  cylinder  containing  the  hy¬ 
draulic  fluid.  The  application  of  hy¬ 
draulic  pressure  to  the  reverse  side  of 
the  diaphragm  forces  it  and  the  speci¬ 
men  upward  through  the  orifice  into 
a  "bubble”  or  "blister”  which  takes 
the  form  of  a  segment  of  a  sphere. 

Prior  to  the  application  of  hydraulic 
pressure,  an  Ames  dial  gage  mounted 
integrally  with  the  upper  clamp  jaw 
is  set  at  zero  with  the  needle  resting 
on  the  surface  of  the  panel  in  the 
exact  center  of  the  orifice.  As  the 
blister  forms,  the  needle  rises  and  one 
can  read  the  height  of  the  blister  at 
the  instant  the  film  fractures.  The  end¬ 
point  is  positive,  instantaneous  and 
readily  observed.  Interchemical  tech¬ 
nicians  have  worked  out  a  formula 
whereby  the  dial  reading  can  be  con¬ 
verted  to  percent  increase  in  area,  and 
at  a  D.  P.  reading  of  .150  the  increase 
in  area  turns  out  to-be  about  10  per¬ 
cent. 

For  a  given  lacejuer  on  a  given 
panel,  reproducibility  of  the  test  is 
within  2  percent  for  any  operator.  The 
machine  controls  its  own  temperature 
and  its  own  rate  of  distention.  There¬ 
fore,  human  element  does  not  enter 
into  the  result  except,  perhaps,  in  the 
laying  down  of  the  films,  and  a  tech¬ 
nique  has  been  devised  for  panel  prep¬ 
aration  which  in.sures  a  minimum  vari¬ 
ation  in  film  thickness.  By  this  time 
you  must  certainly  be  wondering  how 
a  dial  reading  can  be  correlated  with 
actual  field  performance.  It  can  be 
done  only  by  accumulating  a  wealth  of 
data  over  many  hundreds  of  tests  on 
materials  of  established  performance 
and  subjecting  these  data  to  statistical 
analysis  to  determine  what  correlations 
exist.  This  task  has  been  carried  on 
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over  a  period  of  several  years  and  has 
resulted  in  a  classification  of  finishes 
into  four  groups  as  follows: 

Class  I 


Distention  Potential . . .  Over  0.1000 

Per  Cent  Increase  in  Area _  2.8% 

Considered . . Excellent 

Approximate  Conventional 

Cycles  on  Wood _  Infinite 


In  addition  to  being  a  watchdog 
over  quality  the  distention  potential 
tester  has  been  the  source  of  certain 
other  valuable  information  when  used 
as  a  research  instrument. 

By  the  systematic  variation  in  the 
ratio  of  ingredients  Interchemical  tech¬ 
nicians  have  learned  just  what  to  ex¬ 
pect*  in  the  way  of  cold-check  resist¬ 
ance  as  one  ingredient  is  increased  or 
decreased  at  the  expense  of  another. 
The  pattern  of  the  fracture  is  also  re¬ 
vealing  as  to  the  character  of  the  film. 
A  brittle  film  will  fracture  according 
to  one  pattern,  a  cheesy  film  will  ex¬ 
hibit  an  entirely  different  pattern. 

It  has  long  been  known  that  nitro¬ 
cellulose  in  solution  decreases  in  vis¬ 
cosity,  particularly  in  warm  weather. 
It  is  also  known  that  as  the  viscosity 
in  nitrocellulose  decreases,  so  does  its 
tensile  strength,  and,  of  course,  lower 
tensile  strength  means  lower  cold 
check  resistance.  By  means  of  the  dis¬ 
tention  potential  tester  it  has  not  only 
been  established  that  the  cold  check 
resistance  of  a  lacquer  deteriorates  on 
storage  but  the  extent  of  this  deteriora¬ 
tion  has  been  measured  quantitatively 
and  has  been  found  to  vary  appre¬ 
ciably  from  one  type  of  formulation 
to  another.  It  is  comforting  to  know 
what  combination  of  ingredients  will 
produce  a  lacquer  that  will  maintain 
a  high  D.  P.  over  as  long  a  period  as 
one  could  reasonably  expect  the  lac¬ 
quer  to  be  stored.  Furthermore,  know¬ 
ing  the  rate  of  deterioration  for  a 
given  material,  a  safety  factor  can  be 
built  in  to  insure  adequate  perform¬ 
ance  after  ageing. 

Unfortunately,  building  a  high  de¬ 
gree  of  cold  check  resistance  into  a 
formula  can  result  in  low  print  re¬ 
sistance  and  poor  rubbing  and  polish¬ 
ing  properties.  However,  certain  plas- 
♦^•cizers  impart  greater  cold  check  re- 
‘ustance  than  others  and  with  less 
harm  to  other  desirable  film  proper¬ 
ties.  By  means  of  the  distention  poten¬ 
tial  tester,  Intcrchemical  technicians 
can  quickly  and  easily  determine  the 
right  kind  of  plasticizer  and  the  opti¬ 
mum  amount  to  use. 

It  has  long  been  known  that  thick 
films  are  more  prone  to  check  than 
thin  ones.  By  running  the  D.  P.  on  a 
given  material  at  three  or  four  film 


thicknesses  and  plotting  a  curve,  the 
D.  P.  at  any  given  film  thickness  can 
be  calculated. 

Class  II  Class  III  Class  IV 

0.0850  0 . 0700  Not  over  0.0700 

to  to 

0.1000  0  0850 

2.3%to2.8%  1.4%to2.3%  Not  over  1.4% 

Good  Fair  Poor 

15  to  18  8  to  10  3  or  less 

Another  bit  of  revealing  data  has 
been  the  effect  of  stearated  sealers. 
The  distention  potential  of  sealer  and 
topcoat  have  been  run  separately  and 
then  as  a  system  and  it  has  been 
found  that  no  numerical  correlation 
exists.  The  distention  potential  of  the 
topcoat  has  more  influence  on  the 
system  than  that  of  the  sealer,  prob¬ 
ably  because  by  the  time  the  sealer 
has  penetrated  into  the  wood  and  half 
of  it  is  sanded  off,  it  represents  only 
a  minor  part  of  the  total  film  thick¬ 
ness. 

However,  the  amazing  observation 
has  been  made  that  a  sealer  and  top¬ 
coat,  each  having  a  high  D.  P.,  when 
used  together  may  yield  a  frightfully 
poor  system  whereas  that  same  sealer 
with  a  different  topcoat  or  the  same 
topcoat  with  a  different  sealer  may  be 
excellent.  Just  what  this  happy  rela¬ 
tionship  between  sealer  and  topcoat 
may  be  has  not  been  established,  but 
that  it  exists  there  can  be  no  doubt. 
There  can  also  be  no  doubt  of  what 
may  happen  if  it  docs  not  exist.  It  is 
extremely  comforting  to  have  a  way 
of  knowing  in  advance  what  these 
marital  relations  are  likely  to  be. 

Having  considered  the  physical  fac¬ 
tors  affecting  the  integrity  of  the  fin¬ 
ish,  let  us  return  briefly  to  some  of 
the  moral  aspects. 

During  the  developmental  stage  of 
any  finishing  material,  the  formulator 
is  faced  with  the  necessity  of  making 
a  series  of  decisions.  For  example, 
here  are  a  few: 

1.  What  type  of  nitrocellulose  shall 
I  use? 

2.  What  is  the  best  resin  to  use? 

3.  What  kind  and  how  much  plas¬ 
ticizer  ? 

4.  What  is  the  best  solvent  com¬ 
bination? 

Assuming  that  the  formulator  knows 
what  he  is  doing  in  the  first  place,  his 
decisions  will  be  made  largely  upon 
his  knowledge  of  the  customer’s  re¬ 
quirements  including  whatever  price 
information  may  have  come  to  his 
attention. 

If  quality  is  the  primary  considera¬ 
tion,  the  decisions  will  not  be  hard  to 
make.  He  knows  what  viscosity  grade 
of  nitrocellulose  will  give  him  an 
optimum  combination  of  good  disten¬ 


tion,  potential  and  reasonably  high 
solids.  These  properties  are  at  oppo¬ 
site  ends  of  the  scale,  and  his  decision 
in  making  the  compromise  will  be 
governed  by  his  knowledge  of  in  which 
direction  the  customer’s  emphasis  lies. 
Price  does  not  enter  into  this  decision 
because  all  viscosity  grades  are  priced 
approximately  the  same.  High  vis¬ 
cosity  nitrocellulose  yields  higher  dis¬ 
tention  potential  and  low  solids,  while 
the  reverse  may  be  expected  from  the 
low  viscosity  grade. 

When  it  comes  to  the  selection  of 
the  resin,  however,  there  is  a  wide 
range  of  choices  in  both  quality  and 
price.  Shall  he  pick  a  high  melting 
point  resin  with  fast  solvent  release 
and  good  rubbing  and  polishing  prop 
erties?  If  quality  is  the  prime  consid 
eration  the  answer  is  "yes”.  If  price 
is  an  important  consideration,  the  an 
swer  is  "maybe”.  If  price  is  the  prime 
consideration,  the  answer  is  "definitely 
not”. 

This  same  sort  of  reasoning  wil’ 
apply  to  the  choice  of  plasticizers  ane.1 
solvents. 

Price  and  Quality  Govern 
Formulator 

Thus  the  formulator  sometimes  finds 
himself  between  a  hard  place  and  a 
rock.  He  wants  to  be  honest  with  the 
customer  and  give  him  value  received 
for  each  dollar  he  spends.  He  must 
also  be  honest  with  his  employer,  and 
formulate  the  material  in  such  a  way 
that  it  will  satisfy  the  quality  require 
ments  of  the  customer  and  still  not 
price  his  boss  out  of  the  market. 

If  the  price  situation  is  such  that 
cutting  some  corners  becomes  neces¬ 
sary,  then  what  corners  shall  he  cut 
and  by  how  much?  To  make  this  deci¬ 
sion  he  must  have  a  thorough  knowl¬ 
edge  of  the  customer’s  requirements, 
his  production  facilities  and  the  type 
of  end-use  to  which  his  product  is 
subjected.  If  the  product  is  sold  in  a 
geographical  location  where  the  tem¬ 
perature  rarely  drops  below  60°  1., 
cold  check  resistance  might  be  unim¬ 
portant  and  a  corner  that  could  be 
safely  cut.  On  the  other  hand,  humid¬ 
ity  checking  might  be  a  real  problem. 

The  point  is  that  for  the  forniu- 
lator  to  produce  a  finish  of  integrii;.. 
there  must  exist  between  buyer  ar  1 
seller  a  spirit  of  honesty  and  compk.e 
confidence.  If  the  buyer  is  genuinely 
interested  in  doing  business  with  t  ie 
seller,  then  he  should  give  him  eve  y 
opportunity  that  he  needs  to  devcl  p 
the  information  which  will  pern  t 
him  to  do  an  intelligent  job. 

The  integrity  of  a  finish  begins  w  b 
the  user,  because  his  supplier’s  juc  :- 
ment  in  formulating  the  materials  v  11 
inevitably  be  colored  by  the  custome  •  s 
own  attitude  toward  quality 
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Filler — The  Theory  and  Technique 
of  Application 

R.  I.  QUIGLEY 

Vice  President,  Lilly  Company,  High  Point,  N.  C. 


The  function  of  wood  filler,  as  used  on  furniture,  is  considered 
with  the  particular  object  of  showing  how  the  entire  finish  may  be 
greatly  affected  by  the  quality  maintained  in  the  filling  operation. 
The  economic  advantage  of  proper  filling  is  pointed  out.  Preparation 
of  the  wood  and  application  methods  for  better  results  in  filling  are 
discussed.  A  brief  description  is  given  of  a  method  employed  to 
compare  results  of  filling  by  visual  means. 


Introduction 

HE  PURPOSE  of  this  paper  is  to 
consider  the  functions  of  wood 
filler,  and  the  methods  of  applying  it 
to  obtain  best  results,  particularly  in 
the  field  of  wood  furniture.  It  is  not 
intended  to  cover  the  subject  of  formu¬ 
lation  of  different  kinds  of  wood  fill¬ 
ers,  nor  to  discuss  the  relative  merits 
of  the  products  of  various  filler  manu¬ 
facturers.  Granting  that  some  fillers 
are  better  than  others,  at  least  for  the 
particular  purpose  for  which  they  are 
assigned,  it  is  necessary  for  the  user 
of  filler,  in  order  to  get  material  best 
suited  for  his  requirements,  to  give 
the  supplier  full  information  regard¬ 
ing  the  type  of  finish,  the  kind  of 
wood,  the  finishing  schedule,  and 
plant  conditions  which  might  affect 
the  finish.  If  the  manufacturer  of  filler 
has  been  given  corriplete  information 
of  the  requirements  to  be  met  and  the 
conditions  under  which  the  filler  is 
to  be  used,  it  is  his  task  then  to  pro¬ 
duce  a  filler  satisfactory  to  the  user. 

Should  the  filler  manufacturer  find 
that  the  requirements  to  be  met  are 
out  of  line  from  standard  practices,  or 
the  conditions  in  the  manufacturer’s 
plant  adverse  to  good  results,  he 
should  so  advise  the  user.  The  next 
step  would  then  be  to  make  a  survey 
of  requirements  and  conditions  to  de¬ 
termine  whether  or  not  changes  in  the 
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finish  or  finishing  schedule  or  in  the 
plant  set  up  would  be  practical.  Many 
times  minor  and  inexpensive  changes 
can  be  made  which  would  be  far  more 
effective  in  obtaining  good  results  than 
for  the  filler  manufacturer  to  attempt 
to  evolve  a  freak  product  to  meet 
extraordinary  conditions.  Please  do 
not  misunderstand  the  foregoing  state¬ 
ment.  I  do  not  mean  to  infer  that  the 
manufacturer  of  filler  should  not  at¬ 
tempt  to  fit  his  product  into  the  user’s 
scheme  of  things  where  it  is  feasible 
to  do  so.  Nor,  do  I  mean  that  filler 
manufacturers  should  not  attempt  to 
.produce  new  and  better  products  and 
to  keep  abreast  of  the  ever  changing 
pattern  of  furniture  manufacturing 
and  finishing.  However,  any  radical 
changes  in  filler  formulation  and  per¬ 
formance  should  be  the  result  of  thor¬ 
ough  research  and  investigation  and 
testing,  which  would  require  consid¬ 
erable  time  even  though  successful. 

The  Function  of  Wood  Filler 

Many  articles  or  dissertations  on 
the  subject  of  protective  coatings  be¬ 
gin  by  stating  that  the  purpose  of  such 
coatings  is  twofold; — to  protect  the 
surface  and  to  beautify  the  object  to 
which  they  arc  applied.  Likewise,  it 
can  be  said  that  wood  filler  has  a  dual 
purpose,  aside  from  some  possible 
specialty  uses.  One  function  is  to  pro¬ 
vide  a  smooth  surface  on  which  to 
build  a  film  of  protective  coatings. 
The  other  is  to  contribute  to  the  de¬ 
sired  color  effect  of  the  finished  wood 
surface. 

In  using  filler  to  provide  a  smooth 
surface,  we  do  so  for  economy’s  sake. 
Surely  it  is  much  less  costly  to  fill  the 
pores  and  voids  in  wood  in  one  op¬ 


eration  than  by  using  successive  coats 
of  film-forming  materials.  In  fact,  it 
is  doubtful  that  a  smooth  surface  over 
unfilled  wood  could  be  arrived  at  by 
multiple  coats  of  finishing  material, 
unless  each  coat  were  dried  and  sanded 
before  the  application  of  the  follow¬ 
ing  one. 

In  the  color  scheme  of  a  finish,  filler 
may  have  a  widely  varying  role.  In 
planning  a  finish  for  a  suite  of  furni¬ 
ture,  the  color  of  the  filler  to  be  used 
should  be  considered  at  the  start,  since 
a  filler  of  the  wrong  color  can  ruin 
an  otherwise  beautiful  finish.  In  fin¬ 
ishing  certain  types  of  wood  which 
have  a  very  pronounced  figure  or  grain 
pattern  such  as  hackberry  or  ash,  it  is 
often  desirable  to  subdue  the  color  of 
the  filler  to  make  it  blend  into  the 
background  color  as  inconspicuously 
as  possible.  For  other  woods,  the  at¬ 
tempt  is  made  to  emphasize  or  bring 
out  the  figure  in  the  wood  by  using  a 
filler  with  some  contrast  to  the  base 
color  of  the  finish.  As  a  rule  in  finish¬ 
ing  furniture  of  traditional  design, 
the  filler  is  made  enough  stronger  or 
darker  in  color  than  the  background 
that  it  will  not  have  a  gray  or  muddy 
appearance.  On  other  types  of  furni¬ 
ture,  the  filler  may  contrast  with  the 
background  color  by  being  lighter  in 
color  or  of  a  different  contrasting  color 
altogether.  An  example  of  this  is  the 
limed  oak  finish  or  many  of  the 
toned  finishes  being  u.sed  on  mahog¬ 
any,  walnut,  oak  and  other  woods 
with  large  pore.  These  have  been  ex¬ 
tremely  popular  during  the  past  two 
or  three  years. 

In  years  gone  by,  fillers  were  made 
not  only  to  color  the  pores  of  the 
wood  but,  also,  to  stain  the  surface  of 
the  wood.  This  practice  still  holds  to 
some  extent,  especially  on  oak  office 
and  school  furniture.  However,  the 
usual  practice  in  finishing  household 
furniture  is  to  have  the  filler  color  the 
pores  while  the  surface  of  the  wood 
is  colored  by  stains,  glazes,  and  often 
by  color  in  some  of  the  undercoatings 
such  as  washcoat  and  sealer.  This  lat¬ 
ter  practice  aids  clarity  of  finish,  espe- 
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Figure  1  shows  a  panel  filled  using  normal  procedures,  while  figure  2  shows  o  panel  filled 
by  the  double  application  and  padding  method. 


cially  in  dark  finishes,  and  provides 
better  uniformity  of  color. 

Results  of  Poor  Filling 

Too  often,  we  have  seen  bad  re¬ 
sults  from  using  too  many  coats  or 
excessively  heavy  coats  of  sealer,  lac¬ 
quer  or  other  top-coat  materials.  This 
is  not  done  to  replace  the  filling  opera¬ 
tion,  but  usually  in  an  attempt  to  ob¬ 
tain  a  smooth  surface  over  poorly  pre¬ 
pared  and  poorly  filled  wood.  The 
result  of  such  practice  might  be  print 
marks  when  the  furniture  is  packed, 
due  to  the  fact  that  the  heavy  coats 
did  not  dry  properly  on  the  finishing 
schedule;  greater  rubbing  costs  in  cut¬ 
ting  down  extra  material;  poorer  rub¬ 
bing  qualities  of  a  film  not  properly 
dried;  the  danger  of  a  film  checking 
or  cracking  if  it  is  too  thick;  and  also 
the  added  cost  of  the  excessive  amount 
of  material  u.scd  and  time  expended. 

Not  all  furniture  or  wood  work 
requires  a  finish  of  great  depth  or  full¬ 
ness.  Some  of  the  highest  priced  fur¬ 
niture  is  purposely  partly  filled  or  not 
filled;  even  on  woods  with  large  pores 
such  as  mahogany,  walnut  and  oak. 
This  type  of  finish  usually  has  little 
depth  and  lies  close  to  the  wood. 
However,  a  good  body  or  depth  of 
finish  is  required  on  most  of  the 
home  furniture  being  made  today. 
For  the  past  few  years,  there  has  been 
a  demand  for  furniture  finish  of  great 
depth  and  high  polish,  particularly  on 
suites  of  modern  design;  and  this  fin¬ 
ish  requires  a  smooth,  mirror-like  sur¬ 
face.  Any  open  pores  or  partially  filled 
pores  detract  greatly  from  its  appear¬ 
ance.  Many  times  such  an  appearance 
of  "graininess”,  as  it  is  often  called, 
is  laid  to  shrinkage  of  the  coating 
materials,  whereas  the  cause  is  poor 
filling.  One  after-result  of  poor  filling 
is  that  the  effect  of  the  open  pores 
cannot  be  eliminated  in  the  rubbing 
process  without  causing  the  finish  to 
be  rubbed  through  in  places. 


It  becomes  evident  then  that  poor 
filling  can  increase  costs  elsewhere  in 
a  finishing  operation  besides  detract¬ 
ing  from  the  appearance  and  salabil¬ 
ity  of  the  finished  product.  The  dif¬ 
ference  in  cost  of  a  good  filling  job 
and  a  poor  one  may  not  be  great.  It 
might  mean  only  the  placing  of  an 
inspector  in  the  filler  department,  or 
perhaps  an  extra  man  or  two  in  ap¬ 
plying  or  padding  filler. 

Another  defect  due  to  poor  filling 
may  be  pinholes  in  the  final  finish. 
Also,  one  of  the  most  aggravating 
conditions  in  finishing  wood  is  bub¬ 
bling,  or  blisters  forming  in  the  sealer 
or  top  coats.  There  are,  at  times,  other 
causes  for  bubbles  or  blisters  in  the 
top  coat  materials,  but  it  has  been  the 
writer’s  experience  that  at  least  90% 
of  bubbling  and  blistering  conditions 
have  been  due  to  improper  filling. 
Any  bubbling  and  blistering  in  coat¬ 
ings  usually  disappeared  when  the  fill¬ 
ing  methods  were  corrected. 

So  far,  this  discussion  on  results  in 
filling  has  dealt  with  the  filling  of  the 
pores  of  the  wood.  There  arc  also 
other  phases  to  be  considered.  Filler 
not  properly  cleaned  from  the  surface 
can  cause  a  muddy  or  gray  appearance 
in  the  final  finish  or  obscure  the  figure 
of  the  wood.  Filler  improperly  dried 
before  coating  may  leave  a  grayish 
pore  color  which  would  detract  from 
the  clarity  of  the  finish  and  likewise 
cause  a  muddy  appearance.  Aside  from 
the  harm  to  the  beauty  of  finish  caused 
by  incorrect  dry'ing  and  poor  clean  up 
of  filler,  these  faults  in  application 
may  adversely  affect  the  adhesion  or 
toughness  of  the  total  finish. 

Application  Methods  for 
Better  Results 

In  attempting  to  prescribe  the  best 
methods  for  applying  filler,  it  will  be 
necessary  to  repeat  good  advice  which 
has  been  given  before  by  others,  and 


much  of  which  seems  commonplace 
However,  there  are  certain  phases  o 
the  process  which  should  be  particu 
larly  emphasized.  Assuming  that  th 
user  has  the  proper  filler  for  the  jof 
the  various  steps  to  be  considered  ir 
applying  the  filler  are  as  follows: 

1.  The  preparation  of  the  surfac 
over  which  the  filler  will 
applied. 

2.  Thinning  and  application  of 
filler. 

3.  Padding  in  filler. 

4.  Clean  up  after  padding. 

5.  Drying  of  filler. 

1.  Preparation  of  the  Surface:  The 
usual  surfaces  over  which  a  filler  is 
applied  are:  barewood  (sized  or  un 
sized),  a  washcoat  on  barewood,  a 
stain  or  toner,  or  a  stain  or  toner 
which  has  been  washcoated.  The  main 
requirements  are  that  these  surfaces, 
whether  they  be  the  wood  itself  or 
some  finishing  material  such  as  stain, 
toner  or  washcoat,  be  properly  dried 
and  be  as  smooth  as  possible.  To  have 
excessive  moisture  in  the  wood,  or 
solvents  retained  in  finishing  mate¬ 
rials  beneath  the  filler  is  to  open  tb.e 
door  for  ultimate  trouble  in  the  fin  il 
finish.  This  may  show  up  as  lack  of 
adhesion  of  the  coatings,  poor  filling., 
a  cloudy  gray  finish,  blisters  or  all  <'t 
these  defects.  The  surface  should  I 
smooth  so  the  filler  will  cling  only  m 
the  pores  of  the  wood,  leaving  t’lK 
surface  clean.  It  is  impossible  to  clc.!  i 
off  filler  from  a  rough  surface  witl 
out  removing  some  which  should  b 
left  in  the  pores. 

When  finishing  woods  of  soft  tv 
ture,  particularly  those  species  win.  i 
do  not  sand  readily  to  a  firm,  smoo  i 
surface,  it  is  often  advisable  to  si/: 
before  beginning  the  finishing  opt: 
tion.  This  is  especially  true  when  fill  r 
is  to  be  applied  to  the  barewood.  li'v 
size,  usually  animal  or  hide  gin  . 
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ilthough  other  materials  such  as  shel¬ 
lac  or  so-called  bleaching  lacquer  may 
be  used,  is  designed  to  stiffen  the 
loose  fibres  on  the  surface  of  the  wood 
^o  that  they  may  be  cut  off  cleanly 
when  sanded.  Also,  by  providing  an 
even  firm  surface,  sizing  causes  the 
wood  to  absorb  color  from  stain  or 
iller  more  uniformly  than  if  it  were 
unsized. 

Glue  is  the  most  common  substance 
used  for  sizing.  It  is  applied  by  vari¬ 
ous  methods  such  as  spraying,  spong¬ 
ing,  roller  coating,  or  brushing.  It  is 
most  important  that  the  right  amount 
of  glue  is  applied;  that  it  is  applied 
evenly;  and  that  it  is  thoroughly  dried 
before  being  sanded.  The  customary 
practice  is  to  make  a  size  by  thinning 
one  part  of  cabinet  maker’s  hot  liquid 
glue  with  from  eight  to  eleven  parts 
of  water;  the  cabinet  maker’s  glue 
usually  being  two  parts  of  water  to 
one  part  of  flake  or  ground  glue.  It 
has  been  the  writer’s  experience  that 
ten  or  eleven  parts  of  water  is  better 
than  eight  parts  of  water  to  one  part 
of  liquid  glue.  This  provides  sufficient 
water  to  wet  and  raise  the  fibres  of 
the  wood  and  to  dry  sufficiently  fast 
to  stiffen  the  fibres  while  they  are  still 
standing.  Heavier  applications  of  size 
tend  to  retard  drying,  fill  the  sand 
paper,  and  partially  fill  the  pore  of  the 
wood,  which  is  usually  not  desirable. 
A  satisfactory  method  is  to  apply 
warm  size  (for  better  penetration  and 
drying)  evenly  over  the  surface  of  the 
wood  with  a  sponge. 

Washcoats  are  usually  used  over 
stains  or  toners  before  filling,  although 
in  many  instances  the  filler  is  applied 
directly  over  stain  or  toner.  A  wash- 
coat  may  be  said  to  be  a  thin  coating 
of  heavier  substance  or  higher  solid 
content  than  a  size  coating.  It  is  gen¬ 
erally  made  from  shellac  thinned  with 
alcohol,  or  sealer  or  lacquer  thinned 
with  lacquer  reducer,  and  may  vary 
from  4%  to  8%  in  solid  content.  Two 
main  purposes  of  washcoats  arc  to 
prevent  filler,  which  is  applied  over 
it,  from  staining  or  darkening  the  sur¬ 
face  or  flake  of  the  wood;  and  like  a 
size  coat,  to  stiffen  and  harden  the 
fibre  of  the  wood  so  that  it  may  be 
sanded  to  a  smooth  even  surface.  'The 
use  of  a  washcoat  was  quite  essential 
in  the  past  when  water  stains  were 
commonly  used,  due  to  the  fact  that 
water  stains  raised  the  grain  and  rough¬ 
ened  the  .surface  of  the  wood.  Unfor¬ 
tunately,  so-called  non-grain-raising 
stains  often  belie  their  name  in  humid 
vsi  ather  due  to  their  hygroscopic  char- 
aci  eristic;  hence  at  times  they  also 
ra  se  the  grain  of  wood.  It  has  be- 
conie  more  or  less  standard  practice, 
til  refore,  to  use  a  washcoat  and  a 
sanding  operation  between  the  stain 
CO  t  and  the  filler.  For  this  purpose, 
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when  it  is  to  be  used  over  water 
stains  or  non-grain-raising  stains,  I 
prefer  shellac  as  a  washcoat  rather 
than  sealer  or  lacquer.  This  is  because 
the  alcohol  in  the  shellac  washcoat 
forms  a  constant  boiling  mixture  with 
any  moisture  that  might  be  present  in 
the  stain.  The  moisture  then  evapo¬ 
rates  with  the  alcohol  and  is  thus  re¬ 
moved;  which  is  not  the  case  with 
sealer  or  lacquer  washcoats,  whose 
solvents  are  immiscible  with  water. 
If  there  is  moisture  present  in  the 
stain  coat,  and  there  usually  is  with 
non-grain-raising  stains  when  used  un¬ 
der  conditions  of  high  relative  humid¬ 
ity,  a  shellac  washcoat  will  produce  a 
clearer  finish  than  a  sealer  or  lacquer 
washcoat.  On  the  other  hand,  shellac 
washcoat  dries  slower  than  sealer  or 
lacquer  washcoats,  and  for  that  rea¬ 
son  may  not  fit  as  well  into  fast  finish¬ 
ing  schedules.  For  a  washcoat  over  a 
toner  made  from  a  nitrocellulose  lac¬ 
quer  base,  a  sealer  or  lacquer  wash¬ 
coat  is  recommended  because  of  faster 
dry  and  better  bond  between  like 
materials. 

Washcoats  are  used  on  barewood 
before  filling,  mainly  when  it  is  de¬ 
sired  to  color  the  pores  of  the  wood 
with  a  minimum  staining  of  the  flake 
or  surface  of  the  wood. 

It  is  necessary  that  washcoats  be 
thoroughly  dried  in  order  that  good 
sanding  and  good  filling  may  be  ob¬ 
tained.  Washcoats  not  thoroughly 
dried  before  the  application  of  filler 
will  pick  up  color  from  the  filler,  caus¬ 
ing  lack  of  clarity  in  the  finish.  Also, 
they  will  cause  poor  filling  and  poor 
clean  up  of  filler  and  may  be  a  source 
of  further  trouble  such  as  bubbling 
and  blistering  in  top  coats. 

2.  Thinning  and  Application  of 
Filler:  The  standard  practice  for 
thinning  filler  is  to  use  a  petroleum 
distillate  such  as  V.  M  &  P  Naphtha, 
mineral  spirits,  or  so-called  white  gas¬ 
oline.  Although  some  finishing  rooms 
still  use  white  gasoline,  most  use  V.  M 
&  P  Naphtha  or  a  mixture  of  it  and 
mineral  spirits.  V.  M  &  P  Naphtha  is 
to  be  preferred  over  gasoline  because 
it  can  be  bought  on  a  specification 
basis  and  will  be  supplied  within 
close  limits  to  that  specification  for 
specific  gravity,  distillation  range  and 
solvency;  whereas  white  gasoline  has 
been  found  to  vary  considerably  be¬ 
tween  succeeding  shipments.  Also,  the 
use  of  white  gasoline  presents  a  greater 
fire  hazard.  Mineral  spirits,  being 
slower  in  evaporation  than  V.  M  &  P 
Naphtha  is  normally  too  slow  to  be 
used  alone.  However,  it  is  useful  to 
mix  with  V.  M  &  P  Naphtha  in  order 
to  adjust  the  evaporation  rate  of  the 
thinner  to  meet  varying  climatic  con¬ 
ditions.  This  is  especially  true  in  con¬ 
veyorized  finishing  rooms  where  there 


is  a  definite  time  limit  between  the 
points  where  filler  is  applied  and  where 
the  rubbing  and  padding  begin;  since 
for  good  filling,  the  filler  on  the  sur¬ 
face  of  the  wood  should  dry  down  to 
a  certain  point,  as  will  be  noted  later, 
when  it  is  rubbed  and  padded  in.  At 
the  present  time,  V.  M  &  P  Naphtha 
and  mineral  spirits  are  available  in 
almost  every  locality.  Mineral  spirits 
is  also  known  as  Stoddard  Solvent  or 
may  be  called  dry  cleaner’s  naphtha. 

The  amount  of  thinner  to  be  used 
may  depend  upon  the  method  of  ap¬ 
plication,  the  type  of  wood  and  kind 
of  finish  or  on  local  plant  conditions. 
The  opinions  of  different  finishing- 
room  foremen  vary  considerably  on 
this  subject.  It  might  require  some  ex¬ 
perimentation  to  determine  the  amount 
of  thinner  which  will  produce  the  best 
job. 

Filler  may  be  applied  by  brush, 
spray,  or  dipping.  For  large  pieces  of 
furniture,  such  as  case  goods  and 
large  tables,  it  is  customary  to  spray 
or  brush  or,  in  many  situations,  both. 
For  smaller  objects,  such  as  chairs  or 
novelty  furniture  and  small  tables,  it 
is  common  practice  to  dip  the  pieces 
in  a  tank  of  thinned  filler. 

For  spraying,  the  proportion  of 
filler  to  thinner  may  vary  from  five 
pounds  of  filler  to  a  gallon  to  ten 
pounds  to  a  gallon.  Woods  that  are 
comparatively  easy  to  fill  will  not  re¬ 
quire  as  heavy  a  mixture  as  those 
with  large  pores.  More  thinner  is 
used  for  spray  application  than  for 
brushing,  because  part  of  the  thinner 
is  lost  by  evaporation  before  it  reaches 
the  object  to  which  it  is  being  applied. 
The  thinned  filler  should  be  strained 
before  being  sprayed. 

For  brush  application,  the  propor¬ 
tions  of  filler  to  thinner  may  vary  from 
seven  pounds  to  the  gallon  to  four¬ 
teen  pounds  to  the  gallon,  depending 
again  on  the  wood  and  the  type  of 
finish.  If  it  is  used  too  thin,  there 
will  not  be  enough  filler  deposited  on 
the  surface  of  the  wood  to  fill  up  the 
pores  when  it  is  padded  in.  If  used 
too  heavy,  it  will  be  wasted,  will  cause 
the  use  of  too  much  tow,  moss,  rags 
or  other  rubbing  materials,  and  will 
be  harder  to  rub  and  pad  in. 

In  applying  filler  by  dip  on  fine 
textured  (close-grained)  woods,  such 
as  gum,  poplar,  beech  or  tupelo,  a 
mix  of  from  four  to  six  pounds  of 
filler  to  a  gallon  of  thinner  is  usually 
heavy  enough.  On  coarse  textured 
woods  with  large  pores,  the  mix 
should  be  heavier,  in  which  case  it 
may  vary  from  five  to  eight  pounds 
of  filler  to  a  gallon  of  thinner.  For 
best  results,  dip  tanks  should  be  con¬ 
stantly  agitated  to  minimize  settling 
of  the  heavier  pigments. 
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A  pressure  tank  equipped  with  an 
a^.'itator  is  recommended  for  spraying 
filler.  Low  air  pressure,  of  from 
tv'enty-five  to  thirty  pounds  at  the 
gun,  with  about  fifteen  pounds  tank 
pressure,  should  be  used  in  order  that 
the  filler  be  applied  wet  with  a  mini¬ 
mum  of  evaporation  of  thinner  dur¬ 
ing  the  spraying  process.  If  the  filler 
is  sprayed  from  a  gravity  feed  bucket, 
slightly  higher  air  pressure  at  the  gun, 
such  as  from  thirty  to  thirty-five 
pounds  may  be  used. 

An  E.tip  and  needle  with  a  No.  30 
air  cap  is  recommended  when  using 
a  gravity  feed  bucket,  and  an  E  tip 
and  needle  with  a  No.  704  air  cap 
when  using  a  pressure  tank.  However, 
many  prefer  a  No.  30  air  cap  for 
either  gravity  or  pressure  feed  as  it 
delivers  a  wetter  coating  of  filler. 

The  filler  should  be  applied  quickly, 
ev^enly,  and  heavy  enough  that  a  thick 
pad  of  filler  will  be  formed  under  the 
tow,  moss  or  felt,  or  whatever  material 
is  used  for  padding  the  filler  into  the 
pore  of  the  wood.  It  is  good  practice 
immediately  following  the  spraying  of 
filler  to  brush  it  across  the  grain  of 
the  wood  using  a  long  bristle  brush. 
This  not  only  assists  in  distributing 
the  filler  evenly  over  the  surface,  but 
breaks  up  any  small  air  bubbles  in  the 
wet  film  due  to  the  spraying  opera¬ 
tion,  and  allows  the  filler  to  run  down 
into  the  pores  of  the  wood. 

3.  Padding  in  Filler:  The  next 
step  in  the  filling  operation  is  the 
rubbing  or  padding  of  the  filler  into 
the  wood.  There  are  differences  of 
opinion  as  to  the  proper  time  to  start 
padding.  Under  normal  conditions, 
the  padding  should  begin  soon  after 
the  filler  flattens  down;  that  is,  when 
the  wet  appearance  has  disappeared 
from  the  surface  but  while  it  is  still 
moist  and  soft  beneath  the  surface. 

There  are  various  materials  used  to 
pad  the  filler  into  the  wood,  such  as 
tow,  sea  moss,  burlap  and  felt.  The 
material  should  be  soft  enough  and 
fine  enough  textured  that  it  does  not 
scratch  the  surface  nor  dig  the  filler 
out  of  the  pores.  A  padding  machine 
consisting  of  felt  blocks  mounted  on 
a  slowly  revolving  wheel  does  an  ex¬ 
cellent  job  of  preliminary  padding. 
Such  a  machine  is  moved  back  and 
forth  across  the  surface  while  the  re¬ 
volving  pads  force  the  filler  into  the 
pores.  Likewise,  when  the  padding  is 
done  by  hand,  a  circular  motion,  but 
moving  across  the  grain  of  the  wood 
is  recommended. 

The  point  to  be  emphasized  is  that 
the  purpose  here  is  to  apply  enough 
pressure  so  as  to  force  the  filler  down 
to  the  bottom  of  the  pores.  This  re¬ 
quires  bearing  down,  especially  if  the 
padding  is  done  entirely  by  hand. 


Sometimes,  the  operation  is  referred 
to  as  wiping  filler,  and  too  often  it 
amounts  to  just  that.  Filler  can  be 
wiped  off  so  that  the  pores  appear  to 
be  filled  level  with  the  surface  of  the 
wood,  yet  it  may  not  be  packed  firmly 
to  the  bottom  of  the  pores.  In  such  a 
case,  when  a  heavy  coat  of  lacquer  or 
sealer  is  next  applied,  the  solvents 
penetrate  through  the  crust  into  the 
cavity  beneath.  Vapor  is  formed  be¬ 
low  which  pushes  out  forming  a  bub¬ 
ble  or  blister  in  the  coating  or  leaving 
a  blow  hole  or  pinhole  in  the  film. 

After  the  excess  material  has  been 
removed  in  the  preliminary  padding 
either  by  machine  or  by  hand,  the  sur¬ 
face  should  be  gone  over  again  by 
hand  with  a  soft  pad  well  covered 
with  filler  to  make  certain  that  each 
pore  is  packed  full. 

It  is  well  known  that  the  pores  of 
different  woods,  as  of  various  cuts  of 
the  same  wood,  differ  greatly  in  size 
and  shape.  Some  woods  are  known 
to  be  much  harder  to  fill  than  others. 
Some  pores  are  long  and  narrow  and 
yet  may  be  shallow  or  deep.  On  swirly 
cuts,  there  will  be  much  end  grain 
with  small  but  deep  pores.  In  the  past, 
double  filling  was  often  times  prac¬ 
ticed  on  hard-to-fill  woods.  This  was 
expensive  and  time  consuming  as  it 
meant  two  complete  operations  of  ap¬ 
plying  padding,  clean-up  and  drying 
of  the  filler.  Also,  while  it  might  have 
been  some  improvement  over  a  single 
filled  job,  it  many  times  did  not  give 
a  satisfactory  job.  This  was  probably 
due  to  the  fact  that  just  enough  hard 
dried  filler  was  left  in  the  pores  from 
the  first  filling  to  prevent  anchoring 
the  filler  into  the  pores  the  second 
time  over. 

However,  there  is  another  method 
of  double  filling,  sometimes  called  pre¬ 
filling,  which  does  not  cost  a  great 
deal  more  nor  consume  much  more 
time  than  the  ordinary  single  filling 
operation.  The  effective  results  ob¬ 
tained  in  eliminating  "graininess”,  in¬ 
creasing  the  apparent  build  of  coat¬ 
ings,  and  often  in  solving  an  exas¬ 
perating  condition  of  bubbling  or 
blistering  in  coatings,  have  at  times 
been  almost  amazing.  Yet  many  seem 
to  have  no  knowledge  of  this  method 
or  of  the  results  obtained. 

In  this  method,  the  filler  is  applied 
and  given  a  preliminary  padding  usu¬ 
ally  with  a  padding  machine.  The 
piete  then  goes  at  once  to  a  station 
wh(  re  filler  is  applied  again.  This 
tim?  a  thorough  padding  operation 
take:  place  followed  by  careful  clean 
up.  The  filler  then  is  allowed  its  nor¬ 
mal  diying  time  before  being  coated. 
Th(  theory  behind  this  is  that  while 
the  filler  from  the  first  application  is 
sti’  soft  and  workable,  the  added 


filler  from  the  second  application 
pushes  it  down  and  completely  packs 
it  into  the  pores.  One  application  is 
usually  by  brush  and  the  other  by 
spray. 

Oftentimes,  one  extra  workman, 
with  the  use  of  a  padding  machine, 
can  perform  the  preliminary  applica¬ 
tion  and  padding  operation.  How¬ 
ever,  whether  one,  or  two,  or  even 
three  extra  men  are  required,  the  im 
provement  in  results  more  than  justi¬ 
fies  the  added  cost.  In  fact,  in  most 
instances,  savings  in  the  total  finish 
will  be  far  greater  than  the  added 
cost  of  this  method  of  double  filling, 
while  the  improvement  in  the  finish  is 
usually  remarkable. 

4.  Clean  Up  After  Padding:  After 
the  padding  operation  has  been  coni- 
pleted,  the  filled  surface  should  b. 
wiped  across  the  grain  of  the  wood 
to  remove  any  excess  of  filler,  and  to 
make  certain  that  the  surface  is  left 
clean.  Tow,  or  some  heavy  cloth,  not 
too  coarse,  and  preferably  one  th..t 
has  been  washed  to  remove  sizing  wiil 
do.  Following  this  cross-grain  wiping, 
the  surface  should  be  wiped  gently 
with  the  grain  of  the  wood  with  .i 
softer  cloth  to  remove  any  cross-grain 
streaks. 

The  final  operation  is  to  clean  out 
corners,  flutings,  route  lines  or  other 
hard-to-reach  areas.  A  filler  pick  brush 
made  of  fibre  bristles  is  satisfactory 
for  this  purpose  on  fine  textured 
(closed  grained)  woods  such  as  gum, 
maple,  or  cherry,  but  should  not  be 
used  on  coarse  textured  woods  with 
large  pores,  as  the  bristles  will  re¬ 
move  the  filler  from  the  pores.  Nor 
should  filler  be  blasted  out  of  corners 
or  crevices  with  an  air  duster,  as  that 
method  is  quite  certain  to  blow  the 
filler  from  the  pores  of  the  wood. 

5.  Drying  of  Filler:  To  keep  pace 
with  the  accelerated  finishing  sched¬ 
ules  of  recent  years,  various  methods 
have  been  pursued  in  the  effort  to 
produce  faster  drying  fillers.  In  some 
of  these,  fast  drying  oils  or  varnishes, 
or  resins  that  dry  by  evaporation  and 
polymerization  have  replaced  the  lin¬ 
seed  oil  and  dryers  of  old-time  fillers. 
In  others,  the  vehicle  solid  content 
has  been  reduced  to  produce  a  filler 
which  can  be  coated  after  a  short  r 
duration  of  time.  In  still  another  kind, 
the  liquids  of  the  filler  have  little 
drying  action,  but  are  compatible  v  i  h 
the  solvents  of  the  coating  to  follov. 
Although  these  have  been  success!  ul 
for  certain  jobs  and  for  certain  col¬ 
ors,  it  is  the  writer’s  opinion  tl  .it 
there  is  still  much  to  be  accomplisb  d 
in  making  a  perfect  fast  drying  filler 
for  normal  air  dry  conditions.  How¬ 
ever,  with  the  use  of  ovens  or  heat 
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European  furniture  finishes  are  made  from  the  same  basic  ma¬ 
terials  used  in  the  United  States,  but  the  methods  of  application 
vary  considerably  between  factories  on  the  two  continents.  In 
Europe  all  operations  are  influenced  by  the  existence  of  high  ma¬ 
terial  costs  and  low  labor  costs.  Cooperation  between  finishing 
material  suppliers  and  consumers  and  the  exchange  of  technical 
information  between  factories  is  not  nearly  as  extensive  in  Europe 
as  it  is  in  the  United  States.  In  Europe  the  installation  of  conveyors 
and  drying  ovens  is  strongly  influenced  by  government  tax  policies 
which  limit  expansion. 


A  COMPARISON  OF  EUROPEAN  and 
American  finishes  shows  both 
similarities  and  differences.  The  ap¬ 
pearance  of  many  European  furniture 
finishes  is  similar  to  certain  American 
finishes,  but  the  materials  and  meth¬ 
ods  used  to  obtain  such  finishes  are 
usually  different.  This  paper  is  limited 
to  a  discussion  of  furniture  type  fin¬ 
ishes  in  all  price  ranges. 

Any  comparison  of  materials  and 
methods  in  different  countries  should 
be  a  statistical  analysis  of  question¬ 
naires  distributed  to  the  majority  of 
operations  under  consideration  or  a 
scientific  sampling  of  these  operations; 
an  analysis  of  the  observations  of  a 
number  of  competent  observers  of 
these  operations,  or  the  conclusions  of 
one  observer  who  has  visited  a  num¬ 
ber  of  the  operations.  Unfortunately, 
the  writer  of  this  paper  does  not  have 
the  results  of  a  questionnaire  from  the 
majority  of  the  operations  or  even  a 
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scientific  sampling;  but  this  paper  does 
report  on  the  observations  of  finishes 
by  a  number  of  experienced  technical 
men^  and  the  writer’s  own  observa¬ 
tions  made  on  thirty-three  factories 
visited  in  Europe  in  1952^  and  many 
visited  in  the  United  States  from  1950 
to  1953.® 

Finishing  Systems 

In  Europe  the  following  procedure 
is  customary  on  expensive  furniture. 
A  water  stain  is  applied  by  brush;  a 
wash  coat  is  brushed  or  sprayed  on 
and  sanded  when  dry.  Filler  (op¬ 
tional)  is  applied  by  brush  and  pad¬ 
ded  with  cloth  by  hand.  Sealer  is  ap¬ 
plied  by  spray  gun  and  sanded  when 
dry.  Glazing  stain  is  applied  by  brush 
or  a  lacquer  toning  stain  is  applied 
by  spray  gun.  Two  or  three  coats  of 
lacquer  are  applied  by  spray  gun. 
Rubbing  and  polishing  is  done  by  the 
"pull-over”  process.  This  process  con¬ 
sists  of  rubbing  the  surface  with  a 
cloth  saturated  with  a  mild  solvent 
which  softens  the  finish  and  pulls  the 
high  spots  down  into  the  low  places 
to  produce  a  smooth  surface.  In  the 
United  States  the  procedure  is  the 
same  except  in  the  first  operation  a 
non-grain  raising  stain  is  usually  ap¬ 
plied  by  spray  gun,  filler  is  generally 
applied  to  open  pored  woods,  and 

I-  Furniture  Finishing  Manual,  North  Carolina 
State  College  School  of  Forestry  Technical  Re¬ 
port  No.  6,  August  1951. 

*  Johnson,  E.  Sigurd,  "Observations  on  West 
German  Furniture  Production  Methods  in  1952”, 
Journal  of  the  Forest  Products  Research  So¬ 
ciety,  Vol.  Ill,  No.  I,  February,  1953. 

•  Johnson,  E.  Sigurd,  "Finishing  of  Wood 
Furniture  in  Southeastern  United  States  Fac¬ 
tories",  Unpublished,  Mimeographed  report. 
School  of  Forestry,  Duke  University,  May,  1950. 


rubbing  and  polishing  is  almost  uni¬ 
versally  done  by  cutting  down  with 
fine  sand  paper  and  buffing  with  a  fine 
grinding  compound.  Finish  coats  are 
frequently  dried  in  ovens  at  elevated 
temperatures  in  the  United  States;  but 
this  is  not  common  in  Europe. 

Cheap  furniture  is  frequently  fin¬ 
ished  in  Europe  by  applying  sealer 
with  brush  or  roller  as  a  first  coat, 
sanding,  applying  one  coat  of  lacquer 
by  spray  gun,  and  rubbing  with  steel 
wool  or  a  limited  polishing  with  a 
variation  of  the  "pull-over”  process. 
In  the  United  States  the  cheap  furni¬ 
ture  is  nearly  always  stained,  open 
pored  w(X)ds  are  filled,  sealer  is  ap¬ 
plied  by  spray  gun  and  sanded,  and 
a  natural  varnish  is  frequently  used 
as  the  top  coat.  Rubbing  is  not  usually 
done  except  on  tops  of  certain  lines. 

Medium  priced  furniture  includes 
all  the  variations  of  finish  between  the 
two  extremes  listed  above  in  both 
Europe  and  the  United  States.  How¬ 
ever,  there  appears  to  be  very  little 
medium  priced  furniture  in  Europe, 
while  much  of  the  United  States  out¬ 
put  is  in  the  medium  price  field. 
Although  the  variations  in  the  differ¬ 
ent  prince  ranges  are  interesting,  an 
analysis  of  each  step  in  the  finishing 
process  gives  a  better  basis  for  com¬ 
paring  the  European  finishes  with 
those  used  in  the  United  States. 

Comparison  of  Each  Step  in 
Finishing  Process 

Although  not  strictly  a  finishing 
operation,  the  preparation  of  the  wood 
plays  such  an  important  part  in  pro¬ 
ducing  a  good  finish  that  "sanding” 
will  be  discussed  as  the  first  step  in 
the  finishing  process.  European  fac¬ 
tories  tend  to  operate  cutting  machines 
at  slower  feed  rates,  using  more  skilled 
operators,  than  is  usually  done  in  the 
United  States.  The  European  machin¬ 
ing  method  produces  wood  parts  which 
are  easily  sanded  to  a  smooth  surface. 
In  addition,  European  face  veneers 
are  usually  cut  1/40  inch  thick  rather 
than  the  l/28th  inch  standard  in  the 
United  States,  but  the  European 
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veneers  are  more  smoothly  cut.  Be¬ 
cause  of  smoothly  cut  surfaces  and 
thin  face  veneers  and  because  the 
"pull-over”  rubbing  and  polishing 
process  can  cover  up  minor  defects 
that  have  not  been  removed  by  re¬ 
pairing  and  sanding,  European  furni¬ 
ture  factories  usually  do  less  sanding 
than  is  done  by  comparable  American 
factories. 

A  typical  American  factory  might 
sand  veneered  panels  by  endless  bed 
drum  sanding  with  No.  I/2,  0,  2/0 
size  grits,  rough  belt  sand  with  3/0, 
glue  size,  and  polish  belt  sand  with 
5/0.  Mouldings  might  be  sanded  with 
a  No.  2/0  cloth-backed  abrasive  belt 
using  a  formed  block.  Hand  sanding 
is  usually  limited  to  touch-up  work 
and  possibly  a  light  standing  of  tops 
only  with  fine  sandpaper  immediately 
before  staining.  If  a  European  factory 
uses  an  endless  bed  drum  sander  it 
might  have  only  two  drums.  The  op¬ 
eration  would  be  followed  by  one  belt 
sanding  rather  than  two.  Frequently 
the  drum  sanding  operation  is  omitted 
and  two  belt  sandings  are  used.  Glue 
sizing  is  frequently  omitted.  The  final 
grit  size  used  is  coarser  than  is  usual 
in  the  United  States,  but  the  furniture 
is  always  completely  hand  sanded  be¬ 
fore  finishing.  Mouldings  are  usually 
sanded  by  hand  only.  Consequently, 
the  European  sanded  parts  have 
smooth  surfaces,  but  frequently  are 
not  as  flat  or  as  well  prepared  as  sur¬ 
faces,  properly  sanded,  in  the  United 
States. 

The  first  operation  in  the  finishing 
room  normally  is  staining  in  both 
Europe  and  the  United  States.  Very 
little  bleaching  is  done  in  Europe; 
and  in  the  United  States  bleaching  is 
being  replaced  to  a  large  extent  by 
semi-transparent  toners.  The  applica¬ 
tion  of  a  white  pigmented  toner  for  a 
first  coat,  as  used  in  the  popular 
American  modern  "seafoam”  finish, 
was  not  evident  in  Europe  as  late  as 
the  fall  of  1952.  Except  for  this  par¬ 
ticular  type  of  modern  finish,  the  first 
coat  is  usually  a  non-grain  raising  stain 
in  the  United  States.  Some  water  stains 
are  still  used  and  some  pigmented 
wiping  stains  and  oil  stains  are  used 
for  special  applications,  but  they  arc- 
in  the  minority.  In  Europe,  the  first 
coat  is  usually  a  water  stain  although 
there  is  some  use  of  combined  stain 
and  filler  and  other  type  stains  for 
special  applications.  Where  they  are 
advantageous,  equalizing  and  sap 
stains  are  used  on  both  continents. 
Non-grain  raising  stains  are  seldom 
used  in  Europe  because  of  the  high 
material  cost;  and  the  lower  price  of 
labor  permits  the  hand  sanding  of 
raised  grain  caused  by  water  stain. 
Stains  are  usually  applied  by  spray 


gun  in  the  United  States  and  fre¬ 
quently  in  England,  but  usually  by 
brush  in  the  rest  of  Europe. 

On  both  continents  wash  coating 
consists  of  a  four  to  ten  percent  solids 
material  applied  after  the  stain  to  hold 
erect  the  raised  grain  fibres  so  they 
can  be  cut  off  to  a  level  surface  by 
hand  sanding.  Both  thinned  lacquer 
sealers  and  shellac  dissolved  in  alcohol 
are  used  as  wash  coats.  Although  wash 
coats  are  practically  alway  sprayed 
in  the  United  States,  they  are  fre¬ 
quently  applied  by  brush  in  Europe. 
On  both  continents  sanding  is  done 
with  fine  sandpaper  by  hand  or  by 
hand  power  sanders. 

In  the  United  States  filler  is  gen¬ 
erally  applied  to  large  pored  woods. 
The  filler  is  usually  thinned  with  V  M 
&  P  naphtha  or  white  gasoline  and 
applied  by  spray  gun.  It  is  then  allowed 
to  flash,  rubbed  across  the  grain  with 
coarse  burlap,  jute  or  tow,  and  wiped 
clean  with  a  soft  cloth  along  the  grain. 
Although  filler  is  frequently  sprayed 
in  England,  in  the  rest  of  Europe  it  is 
usually  applied  by  brush  in  a  very 
thick  mixture. 

The  fillers  used  in  Germany  appear 
to  be  of  very  simple  formulation.  It  is 
extremely  difficult  to  obtain  a  com¬ 
plete  filling  job  with  these  materials. 
For  this  reason  and  because  of  the 
public’s  desire  for  clear  appearing 
pores  in  certain  finishes,  the  filling 
operation  is  eliminated  in  many  Euro¬ 
pean  finishes.  On  low  priced  mer¬ 
chandise  and  some  high  priced,  the 
product  is  shipped  completely- finished 
with  unfilled  pores.  However,  the  high 
polish  finish  obtained  by  the  "pull¬ 
over”  process  fills  the  pores  so  that  a 
smooth  surface  is  obtained  without  the 
use  of  the  conventional  filling  opera¬ 
tion. 

In  both  the  United  States  and 
Europe  sealer  consists  of  a  nitro¬ 
cellulose  lacquer  modified  for  sanding 
and  is  applied  by  spray  gun.  How¬ 
ever,  where  the  sealer  is  used  as  a 
first  coat  in  Europe,  it  is  usually  ap¬ 
plied  by  brush  or  by  roller  coater.  In 
both  continents  sanding  is  done  by 
hand  and  by  power  driven  hand 
sanders. 

Shading  and  glazing  stains  are  used 
in  the  same  way  in  Europe  as  they  are 
in  the  United  Statc-s.  Shading  stains 
are  thinned  lacquer  containing  dies 
applied  by  spray  gun  for  highlighting 
and  deep  color  effects.  Glazing  stains 
are  pigmented  stains  that  are  brushed 
to  obtain  high  lighting,  antiquing,  and 
deep  color  effects. 

In  Europe  the  standard  top  coat 
process  is  the  application  of  one  or 
two  coats  of  nitro-cellulose  lacquer  by 
spray  gun.  Although  the  same  system 
is  the  most  common  in  the  United 


States,  there  is  considerable  use  of  hot 
lacquer,  urea-alkyd  varnish,  and  regu- 
lar  varnish.  Hot  lacquers  are  not  com¬ 
mon  in  most  European  countries,  but 
are  used  frequently  in  the  Scandi- 
navian  countries.  Urea-alkyd  resin  var¬ 
nishes  are  just  beginning  to  be  used 
in  most  European  countries. 

The  formulation  of  lacquers  ap¬ 
pears  to  be  different  in  the  two  con¬ 
tinents.  Like  our  materials,  the  Euro¬ 
pean  lacquers  contain  nitro-cellulose, 
resin,  plasticizer  and  solvents,  but  t^  nd 
to  have  fewer  ingredients  than  he 
United  States  lacquers.  The  Europi  an 
lacquers  are  formulated  for  the  "pull¬ 
over”  process  of  rubbing  while  he 
United  States  lacquers  are  formuLi.cd 
for  rubbing  by  cutting  down  with  ^me 
sandpaper  and  buffing  to  a  h  !>h 
polish. 

The  final  finishing  process  of  r  .b- 
bing  and  polishing  is  entirely  difrar- 
ent  in  Europe  from  the  process  ii<-d 
in  the  United  States.  We  cut  the  b  gh 
places  down  by  the  use  of  fine  sand¬ 
paper  with  thin  oil  as  a  cutting  lul  ri- 
cant.  After  removing  the  oil  witli  a 
clean-up  solvent,  we  polish  the  It  vel 
surface  by  buffing  with  a  cloth  or 
lambswool  buffer  and  a  finely  divitied 
abrasive  polishing  compound.  In  this 
method  it  is  very  important  that  the 
wood  surface  be  sanded  to  a  k\cl 
plane  and  that  all  pores  and  imperi  ac¬ 
tions  be  well  filled  before  the  lop 
coats  are  applied. 

The  typical  European  "pull-over” 
method  of  rubbing  consists  of  rubbing 
the  lacquer  surface  with  a  cloth  dipped 
in  a  mild  lacquer  thinner  so  that  the 
high  spots  are  pushed  down  into  the 
depressions.  Frequently  the  thinner 
mixture  contains  solids  so  that  mate¬ 
rial  can  be  added  to  fill  up  any  holc-s 
or  depressions.  This  "pull-over” 
method  requires  much  more  time  than 
the  United  States  method  of  cutting 
down  and  buffing.  Consequently,  tliere 
have  been  mechanized  rubbing  ma¬ 
chines  developed  to  speed  up  this  tedi¬ 
ous  process.  Because  of  the  long  time 
spent  on  each  part  and  the  abilitv  of 
the  rubbing  material  to  fill  holes  and 
depressions,  surfaces  do  not  hav  to 
be  as  well  prepared  as  they  do  in  :he 
United  States  method. 

In  Europe  there  is  a  great  varia'ion 
in  the  appearance  of  different  pan  of 
furniture  according  to  the  time  th  is 
spent  on  each  part.  An  end  panel  lay 
be  smoothed  with  only  a  few  mii  tes 
of  rubbing  while  a  front  ma\  be 
rubbed  for  an  hour  to  obtain  a  pe  ect 
high  polished  surface  that  will  re:  ain 
mirror-like  for  years.  Mouldings  nd 
carvings  can  be  high  polished  by  his 
method  if  desired.  The  mild  so!  ent 
is  sometimes  used  between  lac  uer 
coats  for  leveling  the  surface  b  ore 
the  application  of  the  next  coat.  S  nee 
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th  "pull-over”  process  not  only  levels 
hi'jh  spots,  but  also  fills  holes,  it  is 
ab  olutely  essential  that  the  final  pol- 
isi  mg  of  this  process  be  delayed  until 
th  lacquer  top  coat  has  completed  any 
sh  mking  that  may  take  place.  Some 
fa  cories  wait  two  to  three  weeks  after 
tl  last  lacquer  coat  application  before 
th  final  polishing  is  completed  in  the 
"j  ill-over”  process.  The  "pull-over” 
pr-icess  takes  much  labor,  but  a  nicely 
ru  bed  surface  can  be  produced  with 
a  iiiinner  lacquer  coat  than  is  possible 
w,  h  the  American  method. 

A  number  of  Scandinavian  factories 
US',  a  variation  of  the  United  States 
method  by  cutting  the  lacquer  film  to 
a  rlat  surface  with  a  thin  steel  blade 
called  a  "zie  klinge”  and  then  buffing 
to  a  high  polish  with  a  rubbing  com¬ 
pound.  The  use  of  the  "zie  klinge” 
retjuires  a  certain  amount  of  manual 
dexterity  and  skill  to  avoid  scratching 
the  lacquer  surface.  The  sharpening  of 
the  steel  blades  is  extremely  impor¬ 
tant  and  is  actually  a  major  drawback 
to  its  wider  use,  although  a  company 
in  Denmark  now  manufactures  an 
automatic  grinder  for  sharpening  these 
blades. 

Equipment 

The  finishing  equipment  used  in 
European  furniture  factories  is  prac¬ 
tically  identical  to  United  States  equip¬ 
ment.  Spray  booths,  pressure  tanks, 
hoses,  transformers,  and  spray  guns 
are  similar  on  both  continents.  Both 
American  and  European  plants  use  re¬ 
ciprocating  power  hand  Sanders,  but 
German  plants  use  rotary  power  hand 
Sanders  not  usual  in  the  United  States. 
The  finishing  rooms  tend  to  be  smaller 
in  Europe  and  do  not  usually  have 
drying  ovens  or  conveyors.  However, 


a  numt)er  of  large  factories  have  re¬ 
cently  installed  or  are  planning  to  in¬ 
stall  conveyors  and  drying  ovens.  In 
both  the' United  States  and  Europe  all 
types  of  conveyors  have  been  tried, 
but  the  trend  is  toward  the  use  of 
platform  type  floor  power  conveyors. 

General 

A  number  of  specific  differences  be¬ 
tween  European  and  United  States  fin¬ 
ishes  have  been  described  in  this 
paper.  Some  of  the  differences  are 
caused  by  consumer  preference,  but 
most  of  the  differences  in  materials 
and  methods  are  caused  by  the  rela¬ 
tionship  between  material  and  labor 
costs.  European  lacquers  and  other  fin¬ 
ishing  materials  cost  25%  to  50% 
more  while  much  of  the  European 
labor  costs  60%  to  75%  less  than 
American.  This  cost  relationship  is 
one  of  the  major  reasons  for  the  use 
of  water  stain  rather  than  non-grain 
raising  stain,  brushing  many  coats 
rather  than  spraying,  the  "pull-over” 
rubbing  process,  and  the  transporting 
of  furniture  by  hand  rather  than  by 
conveyor. 

Although  it  is  not  actually  a  finish¬ 
ing  material  or  method,  one  difference 
apparent  in  some  European  countries 
is  the  lack  of  cooperation  between  fac¬ 
tories  compared  with  the  system  com¬ 
mon  in  the  United  States.  In  this  coun¬ 
try  most  finishing  rrtaterial  suppliers 
have  an  excellent  staff  of  competent 
service  men  who  assist  their  customers 
to  maintain  control  of  the  quality  of 
finish  being  applied.  Frequently,  in 
cooperation  with  the  finishing  mate¬ 
rial  factory  laboratory,  the  service  men 
develop  complete  new  finishes  for 
their  customers.  The  service  men  con¬ 
stitute  an  extension  of  the  material 


suppliers  facilities  into  the  customers 
plants.  The  United  States  material 
suppliers  do  their  best  to  make  mate¬ 
rials  that  are  specifically  formulated 
for  the  product  and  working  condi¬ 
tions  of  a  particular  factory.  Although 
there  are  service  men  in  Europe,  the 
cooperation  between  suppliers  and 
customers  is  not  nearly  as  complete  as 
it  is  in  the  United  States.  The  differ¬ 
ence  in  the  degree  of  cooperation  is 
also  apparent  between  furniture  fac¬ 
tories  themselves.  In  our  country,  it  is 
common  practice  to  exchange  techni¬ 
cal  information  through  factory  visits 
and  trade  association  or  technical  so¬ 
ciety  meetings.  Such  practice  is  not 
common  in  Europe. 

Conclusion 

Although  there  are  differences, 
European  and  American  finishes  ait 
basically  the  same  because  the  mau 
rials  are  of  the  same  type  and  many  i 
the  methods  are  similar.  If  the  Eui. 
pean  consumers  should  begin  to  in 
American  styles  and  the  relationsn. 
of  European  material  costs  to  lab., 
costs  became  more  like  the  Amencu. 
relationship,  it  is  probable  that  fin 
ishes  would  become  almost  identica 
on  both  continents.  The  change  to 
conveyors  and  drying  ovens  would 
probably  be  slow  because  it  is  very 
difficult  to  obtain  capital  for  expan¬ 
sion  in  most  European  countries.  In¬ 
vestment  capital  is  scarce,  interest  rates 
are  high,  and  income  taxes  are  so 
high  that  it  is  extremely  difficult  to 
pay  for  capital  expansion  out  of  earn¬ 
ings.  Let  us  hope  we  do  not  permit 
government  taxation  or  other  policies 
to  restrict  expansion  and  our  ability 
to  improve  methods  in  the  United 
States. 
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Potential  Raw  Material  Supply  for 
Wood  Fiber  Produets 

E.  E.  MATSON 

Chief,  Forest  Utilization  Service,  Pacific  Northwest  Forest  and  Range  Experiment  Station, 

423  U.  S.  Court  House,  Portland,  Oregon 


The  potential  raw  material  supply  suitable  for  wood  fiber  prod¬ 
ucts  is  enormous.  Fiber  products  can  be  manufactured  from  residual 
wood  developed  at  manufacturing  plants  and  from  material  left  in 
the  woods  after  logging.  Recently  the  amount  of  residual  wood  used 
in  the  manufacture  of  pulp  and  fiberboard  has  increased  notably. 
However,  the  volume  still  available  justifies  a  greatly  expanded 
wood  fiber  industry. 


The  potential  raw  material  sup¬ 
ply  suitable  for  wood  fiber  prod¬ 
ucts  is  enormous.  Since  these  products 
can  be  made  from  all  species  and  types 
of  wood,  one  might  answer  the  (ques¬ 
tion  as  to  potential  wood  supply  by 
simply  quoting  standing  timber  vol¬ 
umes  of  the  United  States.  Such  an 
answer,  of  course,  would  be  meaning¬ 
less  because  the  timber  supply  must 
fulfill  the  demand  for  all  types  of 
wood  products,  whereas  wood  fiber 
products  can  be  made  from  small 
pieces  of  wood  of  the  type  developing 
as  "waste”  in  manufacturing  lumber 
or  other  primary  wood  products. 

Perhaps  the  most  realistic  approach 
would  be  to  consider  the  potential 
supply  as  the  volume  of  wood  that  is 
unsuitable  or  uneconomic  for  primary 
products.  This  includes  material  from 
three  sources :  logging  operations, 
manufacturing  operations,  and  cull 
trees  or  small  trees  which  are  not  nor¬ 
mally  included  in  inventories  of  stand¬ 
ing  timber. 

The  only  complete  set  of  national 
figures  on  the  amount  of  residuals 
developed  annually  is  found  in  the 
Forest  Service  Reappraisal  Report^  for 
the  year  1944.  The  equivalent  of  39 

*  Wood  waste  in  the  United  States.  Report  4 
from  a  reappraisal  of  the  forest  situation.  1947. 
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million  cords  of  logging  residuals  and 
19  million  cords  of  chippable  manu¬ 
facturing  wood  residuals  were  devel¬ 
oped  in  1944  (Table  1).  In  addition, 
the  primary  manufacturing  plants 
produced  a  total  of  17  million  units 
of  sawdust  per  year  (one  unit  equiva¬ 
lent  to  71  cubic  feet  of  solid  wood). 
Utilization  practices  have  improved 
considerably  since  then,  and,  no  doubt, 
the  situation  today  is  somewhat  differ¬ 
ent.  We  'will  soon  know  just  how 
much  of  a  change  there  has  been  dur¬ 
ing  the  past  nine  years,  for  a  survey 
similar  to  that  of  1944  is  planned  for 
the  calendar  year  1953.  It  is  expected 
that  this  survey  will  show  a  marked 
change  of  logging  residuals  produced 
per  thousand  board  feet  of  logs  and 
a  lesser  change  in  manufacturing  re¬ 
siduals.  Meanwhile,  we  can  make 
some  fair  estimates  of  the  material 
available  from  the  three  main  sources. 


Logging  Residuals 

Much  wood  is  left  behind  in  1  g- 
ging  operations  that  would  be  suita  le 
raw  material  for  wood  fiber  produ'  :s. 
This  residue  consists  partly  of  del  c- 
tive  logs  and  low-quality  logs  that  c  n- 
not  pay  the  cost  of  transportation  to 
manufacturing  plants.  In  addition  a 
great  amount  of  broken  wood  of  v  ri- 
ous  sizes  develops  in  all  logging  oj  .r- 
ations. 

Falling,  the  first  step  in  timber  har¬ 
vesting,  is  usually  associated  with  con¬ 
siderable  breakage  of  otherwise  cein- 
mercial  material.  The  amount  nay 
vary  from  practically  nothing  in  young 
stands  on  gentle  topography  to  sewral 
thousand  board  feet  per  acre  in  large 
old-growth  stands  in  rough,  rocky 
topography.  Some  operators  logging 
on  rough  topography  in  the  \X'cst 
even  go  so  far  as  to  use  tractors  and 
cables  to  pull  the  trees  so  that  they 
can  be  felled  uphill,  thereby  minimiz¬ 
ing  breakage.  In  some  cases  they  have 
reduced  falling  breakage  by  as  much 
as  8000  board  feet  per  acre.  Falling 
also  damages  smaller  trees  in  the  un¬ 
derstory.  In  other  phases  of  logging, 
from  skidding  to  delivery  at  the  manu¬ 
facturing  plants,  some  breakage  de- 


Table  1 — RESIDUAL  WOOD  PRODUCED  IN  THE  UNITED  STATES  IN  1944 

Chippable  wood 

Equivalent 

Area  Logging  Primary  Total  in  M  cords  Saw  mst 


North: 

New  England _ 

Middle  Atlantic _ 

Lake _ 

Central _ 

Plains _ 

M  cu.  ft. 

M  cords 

,M  c  ft. 

129,700 

_  160,600 

200,200 
292,600 
_  3,600 

.56,100 

61,300 

51,700 

76,000 

1,700 

185,800 

221.900 

251.900 
368.600 

5,300 

2,323 
.  2,773 
3,149 
4,607 

66 

4'  .900 
5  SOO 
2-  800 
3  .500 
■  300 

Total _ 

786,700 

246,800 

1,033,500 

12,918 

17  300 

South: 

South  Atlantic. _ 

Southeast _ _ 

West  Gulf . . 

297,300 

557,200 

386,000 

207,300 

383,900 

237,600 

504.600 
941,100 

623.600 

6,307 

11,764 

7,795 

m  000 
2:  .500 

in  900 

Total . . 

_  1,240,. 500 

828,800 

2,069,300 

25,866 

57  .400 

West: 

No.  Rocky  Mtn - 

So.  Rocky  Mtn _ 

Pac.  Northwest _ 

California _ 

.59,400 
14,400 
926,600 
_  126,900 

44,300 

15,700 

348,500 

71,100 

103,700 

30,100 

1,275,100 

198,000 

1,296 

376 

15,939 

2,475 

.'.  ,300 

1  .400 
41  1,600 
9  1,100 

Total . 

....  1,127,300 

479,600 

1.606,900 

20,086 

571,400 

United  States _ 

....  3,154,500 

1,555,200 

4,709,700 

58,870 

1,31.), 100 
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vlIods  but  not  nearly  as  much  as  in 
tliL-  falling  operation.  This  broken  ma- 
tcial  plus  the  uneconomical  portion 
01  the  tree  leaves  a  sizeable  amount  of 
vs  'od  on  the  ground  after  logging. 

Throughout  the  country  more  of 
tl>^  small,  defective,  and  poor-quality 
I04S  are  now  hauled  to  manufacturing 
pl.snts  than  was  the  case  in  1944.  In 
th  West  prelogging  is  being  done  to 
salvage  the  understory  that  otherwise 
vsould  be  damaged  in  the  logging  of 
b.  ^  timber.  Relogging  to  clean  up  cut- 
0' cr  areas  is  now  common  practice  in 
many  regions,  and  much  timber  is 
salvaged  today  that  was  considered 
unmerchantable  a  few  years  ago. 

A  number  of  surveys  were  made  re- 
cently  in  the  Northwest  and  Lake 
States  to  determine  the  amount  of 
wood  left  by  the  present-day. loggers. 
These  surveys  indicate  that  the  amount 
of  wood  left  today  is  only  about  one- 
half  what  it  was  in  1944.  This  situa¬ 
tion  may  not  be  true  for  the  entire 
country.  However,  if  it  were  true, 
there  still  would  be  about  19  million 
cords  of  wood  left  each  year  on  log¬ 
ging  operations. 

Although  the  raw  material  supply 
from  logging  residuals  is  great,  it  is 
not  expected  that  this  material  will  be 
utilized  first  for  wood  fiber  products. 
Logging  residuals  are  expensive  to  col¬ 
lect  and  transport  because  they  are, 
ordinarily,  of  smaller  sizes  and  con¬ 
tain  more  defective  material  than  the 
average  for  the  timber  stand.  Unutil¬ 
ized  wood  developed  in  manufactur¬ 
ing  operations  is  more  centrally  located 
and  so  offers  a  cheaper  raw  material 
supply. 

Primary  Manufacturing  Residuals 

In  manufacturing  a  log  into  a  wood 
product,  residuals  develop  in  the  form 
of  sawdust,  shavings,  slabs,  edgings, 
trim  and  veneer  clippings,  cores,  and 
mismanufactured  products.  The  amount 
may  vary  considerably  by  types  of  op¬ 
eration  and  products,  but  the  volume 
produced  per  thousand  board  feet  of 
logs  is  more  uniform  than  in  harvest¬ 
ing  operations. 

Lumbering,  being  the  largest  wood¬ 
using  industry,  produces  the  most 
manufacturing  residuals.  In  1944  the 
Reappraisal  report  showed  that  an  av¬ 
erage  of  70  cubic  feet  of  wood  residu¬ 
als  were  produced  per  thousand  board 
feet  of  lumber  sawed.  Of  this  amount, 
37  cubic  feet  was  chippable  material 
and  the  other  33  cubic  feet  was  saw¬ 
dust  and  shavings. 

According  to  a  number  of  recent 
sur’  ys  the  amount  of  manufacturing 
res;  uials  produced  per  thousand  board 
fee.  of  logs  is  now  approximately  the 
san  as  1944.  The  total  of  this  raw 
mat  rial  produced  by  the  entire  coun- 
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try  would  be  somewhat  higher  than 
in  1944  because  the  production  of 
lumber,  plywood,  and  other  products 
has  increased  since  that  time. 

Material  from  Cull  and  Small  Trees 

In  addition  to  logging  and  manu¬ 
facturing  residuals  there  is  an  enor¬ 
mous  potential  raw  material  supply  in 
the  form  of  small  trees,  that  die  each 
year  in  young  stands  because  of  crowd¬ 
ing,  and  cull  trees.  If  the  cull  trees 
in  the  South  were  liquidated  over  a 
15-year  period  at  least  a  million  cords 
of  additional  softwood  could  be  pro¬ 
duced  annually  from  this  source,  ac¬ 
cording  to  H.  R.  Joscphson.2  It  has 
been  estimated  that  about  7  million 
cords  of  additional  wood  could  be 
produced  annually  from  improvement 
cuttings  from  timber  stands  in  the 
Northeast.  In  the  Douglas-fir  region 
of  the  West  it  is  estimated  that  natu¬ 
ral  mortality  in  young  stands  amounts 
to  approximately  one  cord  per  acre  per 
year.  There  are  approximately  8  mil¬ 
lion  acres  of  these  young  timber 
stands  and  the  total  volume  of  wood 
lost  on  this  area  amounts  to  8  million 
cords  per  year. 

Therefore,  it  is  evident  that  the 
potential  raw  material  supply  from 
logging  and  manufacturing  residuals 
and  from  improvement  cuttings  in 
our  timber  stands  may  exceed  70  mil¬ 
lion  cords  a  year.  The  chief  obstacle 
to  an  expanded  wood  fiber  industry, 
then,  is  not  raw  material  supply. 
Markets  for  the  product  and  the 
economics  of  manufacture  are  more 
serious  problems. 

Competitive  Uses  for  Raw 
Material  Supply 

A  number  of  products  are  now 
made  partly  or  entirely  from  wood 
residues.  This  use  should  expand 
since  wood  residue  is  a  much  cheaper 
raw  material  supply  than  can  be  ob¬ 
tained  from  logs  suitable  for  primary 
manufacture.  Some  of  the  chief  uses 
are  as  follows:  fuel  wood,  hogged 
fuel,  charcoal,  pulp  chips,  hardboard, 
insulation  board,  cut  stock  and  lath. 
These  are  competitive  uses  because 
they  may  all  draw  from  the  same  raw 
material  supply.  Hence,  in  any  local 
situation,  the  economics  of  a  pro¬ 
spective  residue-using  enterprise  will 
be  affected  by  the  extent  to  which 
other  outlets  for  available  raw  mate¬ 
rial  are  being  exploited. 

Fuel  Wood:  The  biggest  single 
use  for  residual  wood  is  for  fuel. 
According  to  the  Reappraisal  Report 
the  equivalent  of  2320  thousand  cords 

*  Josephson,  H.  R.  1953.  Use  of  woods  and 
mill  residues  for  pulpwood.  (Paper  presented 
at  annual  meeting  Amer.  Pulpwood  Assn.  N.  Y. 
Feb.  18.  1953.) 


of  logging  residues  and  12,300  thou¬ 
sand  cords  of  manufacturing  by¬ 
products  were  used  for  fuel  during 
the  year  1944.  Undoubtedly,  most  of 
the  fuel  wood  obtained  from  the  log¬ 
ging  operations  was  used  for  domestic 
consumption.  Some  of  the  material 
from  manufacturing  plants  was  also 
used  as  domestic  fuel.  However,  the 
greater  part  of  it  was  probably  used 
for  the  production  of  power  at  com¬ 
mercial  plants.  The  trend  during  the 
last  few  years  has  been  toward  a  re¬ 
duction  in  the  use  of  wood  for  fuel — 
both  in  commercial  plants  and  for 
domestic  use.  Although  no  estimates 
are  available,  it  is  assumed  that  the 
amount  of  wood  used  as  fuel  at  the 
present  time  is  less  than  that  shown 
for  1944. 

Hogged  Fuel:  The  1944  report 
also  shows  that  the  equivalent  of  10 
million  cords  of  sawdust,  shavings, 
and  other  fine  material  was  used  for 
fuel.  Most  of  this  material  was  used 
in  the  primary  plant  to  produce 
power.  However,  a  small  amount  was 
used  for  domestic  fuel,  and  some  was 
transported  to  other  commercial  plants 
for  the  production  of  power.  The 
biggest  use  of  sawdust  and  hogged 
fuel  is  concentrated  on  the  West 
Coast  where  there  are  large  numbers 
of  sawmill  and  plywood  plants  and 
where  there  is  cheap  water  trans¬ 
portation. 

Hogged  fuel,  although  not  a  very 
high  value  product,  offers  a  good 
opportunity  for  the  disposal  of  manu¬ 
facturing  waste.  All  sizes  of  wood 
material  including  the  bark  is  suitable 
for  hogged  fuel.  Many  pulp  mills, 
power  plants,  and  similar  installations 
are  equipped  so  that  they  can  burn 
either  hogged  fuel  or  oil  in  their 
boilers.  At  these  boiler  plants  a  unit 
of  hogged  fuel  is  considered  the 
equivalent  of  2I/2  barrels  of  crude  oil. 
At  present  the  price  of  crude  oil  is 
$2.10  a  barrel  and  hogged  fuel  is 
approximately  $3.00  a  unit  delivered. 
The  cost  of  delivering  varies  but  aver¬ 
ages  about  $1.25  a  unit.  In  other 
words,  the  value  of  the  hogged  fuel 
at  the  sawmill  is  about  $1.75  a  unit. 
The  small  amount  of  hogged  fuel  and 
sawdust  sold  in  western  states  for 
domestic  use  costs  about  $5  a  unit 
delivered. 

Charcoal:  Charcoal  production  of¬ 
fers  a  good  possibility  for  utilizing 
wood  residue  as  odd  size  pieces  of 
wood  including  bark  are  suitable. 
Both  hardwood  and  softwood  can  be 
used  although  the  more  dense  hard¬ 
woods  give  a  higher  yield  and,  there¬ 
fore,  are  the  principal  species  utilized. 

Charcoal  production  has  decreased 
considerably  during  the  past  twenty 
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years.  According  to  a  report®  by  the 
Department  of  Agriculture  approxi¬ 
mately  300  thousand  tons  were  pro¬ 
duced  in  1951. 

Henry  W.  Hicock  of  the  Connecti¬ 
cut  Agricultural  Station  gives  the  fol¬ 
lowing  yields  from  the  various  types 
of  wood  in  his  report*  "Small  rec¬ 
tangular  charcoal  kilns:” 

Seasoned  hardwood — 900  pounds 
per  cord 

Green  hardwood — 750  pounds  per 
cord 

Softwood — 650  pounds  per  cord 

To  produce  300  thousand  tons  of 
charcoal  requires  in  the  neighborhood 
of  700  thousand  cords  of  wood.  Not 
all  of  this  wood  comes  from  residual 
material,  but  all  charcoal  could  be 
produced  from  waste  wood  and,  there¬ 
fore,  this  product  offers  a  good  oppor¬ 
tunity  for  using  unutilized  material. 

Pulp  Chips:  Outside  of  fuel,  the 
biggest  use  of  residual  wood  is  for 
pulp  chips.  Josephson’s  report  previ¬ 
ously  mentioned  shows  wood  require¬ 
ments  for  United  States  pulp  mills 
have  increased  an  average  of  more 
than  one  million  cords  annually  dur¬ 
ing  the  last  10-year  period.  Although 
this  increase  has  been  made  up  chiefly 
from  growing  timber,  there  also  has 
been  an  encouraging  expansion  in  the 
utilization  of  wood  residues. 

In  1951  pulp  mills  in  this  country 
consumed  25  million  cords  of  pulp- 
wood  of  which  16  percent  or  4  mil¬ 
lion  cords,  was  derived  from  milling 
and  logging  residuals.  Pulp  mills  in 
the  South  consumed  14  million  cords 
of  pulpwood  of  which  1.8  million 
cords  was  logging  residuals  and  20 
thousand  cords  were  obtained  from 
sawmills.  Pulp  mills  in  the  northern 
states  obtained  five  percent  of  their 
61/2  million  cord  requirements  from 
logging  residuals.  In  the  West  ap¬ 
proximately  30  percent  of  the  annual 
pulpmill  requirements  of  4.6  million 
cords  of  softwood  pulpwood  comes 
from  residual  material. 

The  opportunity  for  utilizing  wood 
residues  is  best  in  the  West  because 
much  of  the  unutilized  material  from 
logging  and  manufacturing  is  found 
in  this  region  and  it  is  more  concen¬ 
trated  than  in  other  regions.  The  use 
of  pulp  chips  obtained  at  sawmills 
and  plywood  plants  has  grown  spec¬ 
tacularly  during  the  last  few  years.  In 
1950  pulp  chips  equivalent  to  660 
thousand  cords  of  pulpwood  were 
obtained  from  western  manufacturing 
plants.  In  1951  the  amount  had  in¬ 
creased  to  approximately  one  million 

*  BeglinBer,  Edw.  Production  and  Uses  of 
Charcoal.  U.  S.  Dept,  of  Agric.  Year  Book 
1950-51.  p.  810-813. 

‘  Hicock,  Henry  W.  Small  Rectangular  Char¬ 
coal  Kilns.  Northeastern  Wood  Utilization 
Council.  Bui.  37.  p.  24.  Jan.  1952. 


Table  2 — CHIP  RECOVERY  EXPERIMENT  DRY  WEIGHT  PER  CORD 


^ource  of  chips 

Peeler  cores _ 

Rough  lumber  sizes  1  x  4 — 8  x  8. 

Mill  waste  random _ 

Long  length  edgings _ 

Small  logs  (4" — 20"  diam.) _ 

Large  logs  (over  20"  diam.) _ 


Units  per 
cord 

1.258 

1.454 

1.232 

1.167 

1.127 

1.096 


Pounds 
dry  weight 
per  unit 

2,216 

2,536 

2,355 

2,168 

2,210 

2,360 


Pounds 
dry  weight 
per  cord 

2,787 

3,687 

2.901 

2,530 

2,490 

2,587 


cords,  and  for  1952  it  has  been  esti¬ 
mated  that  the  amount  was  probably 
close  to  double  that  used  in  1950. 

In  Oregon  and  Washington  alone 
there  are  now  over  100  chippers  set 
up  at  sawmills  and  plywood  plants. 
Plywood  plants  are  producing  from 
waste  veneer  about  0.4  of  a  unit  of 
chips  from  each  thousand  feet  of  logs. 
Sawmills  picking  barkfree  wood  from 
the  waste  conveyor  are  getting  about 
one-fourth  of  a  unit  of  chips  from 
each  thousand  feet  of  logs.  Those 
mills  with  hydraulic  barkers  are  ob¬ 
taining  approximately  0.6  of  a  unit  per 
thousand  feet  of  logs.  A  unit  of  chips 
contains  approximately  71  cubic  feet 
of  solid  wood  or  roughly  90  percent 
of  the  wood  found  in  a  cord  of  8-foot 
unbarked  pulpwood. 

Most  plywood  plants  in  the  West 
are  already  making  pulp  chips  out  of 
material  not  suitable  for  plywood. 
Many  additional  sawmills  would  like 
to  get  into  the  chip  business,  but  it  is 
doubtful  that  this  business  can  be 
greatly  expanded  without  additional 
sulphate  pulp  capacity.  Douglas-fir, 
which  requires  the  sulphate  process, 
is  the  chief  species  in  the  vicinity  of 
the  pulp  mills  of  the  Northwest.  At 
present  these  Kraft  mills  are  utilizing 
chips  produced  from  manufacturing 
waste  as  their  main  raw  material  sup¬ 
ply.  The  use  of  chips  has  greatly  re¬ 
duced  the  market  for  Douglas-fir 
pulpwood  and  low  grade  logs.  There 
is  still  a  good  market  for  hemlock 
chips  to  be  used  in  sulphite  mills,  but 
most  sawmills  saw  this  species  along 
with  Douglas-fir  and,  therefore,  must 
sell  the  chips  to  a  sulphate  mill. 

The  raw  material  supply  in  the 
form  of  unutilized  material  at  manu¬ 
facturing  plants  and  in  the  woods  is 
sufficient  to  justify  a  considerable  ex¬ 
pansion  of  sulphate  pulp  production 
in  the  West. 

Hardboard:  Another  use  for  mill 
residues  similar  to  pulp  chips  is  as 
raw  material  for  hardboard  produc¬ 
tion.  Production  of  this  material  has 
expanded  greatly  during  the  last  five 
years.  According  to  a  report®  prepared 
by  Wayne  Lewis,  there  were  only 
three  plants  in  1948  producing  280 
thousand  tons  or  750  million  square 
feet  of  l/^-inch  hardboard  per  year. 

s  Lewis,  Wayne  C.  The  hardboard  industry 
in  the  United  States.  Journal  of  the  Forest 
Products  Research  Society,  p.  3-6.  Nov.  1952. 


At  the  end  of  1953,  Lewis  forecast, 
there  will  be  16  plants,  producing  63  0 
thousand  tons  or  1.74  billion  square- 
feet  of  l/g-inch  hardboard.  Not  all 
hardboard  plants  use  residual  wood  as 
a  raw  material.  The  largest  produce  r 
of  hardboard  uses  cordwood  at  its 
plant  in  the  South  and  lowgrade 
commercial  logs  at  one  in  the  Wesr. 
However,  the  remaining  plants  in  the 
West  are  set  up  to  use  wood  residuals 
from  sawmills  or  plywood  plants. 

The  Western  hardboard  plants  whit  h 
are  based  on  residual  wood  as  a  raw 
material  will  produce  approximately 
590  million  square  feet  of  1/^-inth 
hardboard  per  year.  These  plants  fig¬ 
ure  it  takes  approximately  800  pounvls 
(dry  weight)  of  softwoods  to  make 
a  thousand  square  feet  of  V^-in.  h 
hardboard. 

According  to  a  study  made  by  one 
company  it  was  found  that  a  cord  of 
Douglas-fir  contains  approximately  J4 
hundred  pounds  of  dry  weight  wood. 
On  this  basis,  the  15  western  mills 
plan  to  use  an  equivalent  of  about 
230  thousand  cords  of  wood  residuals 
annually. 

Many  types  of  mill  residuals  are 
utilized  by  hardboard  plants.  A  test 
was  made  by  one  company  to  deter¬ 
mine  the  volume  of  wood  obtained 
from  various  materials.  The  results  of 
this  test  for  bark-free  Douglas-fir  are 
shown  in  Table  2. 

One  company  in  Oregon  producing 
50  million  square  feet  of  l/g-inch 
hardboard  per  year  utilizes  unbarked 
slabs  from  their  sawmill.  Since  bark 
is  acceptable,  this  process  will  open 
up  a  market  for  some  of  the  enormous 
amount  of  material  that  is  lost  annu¬ 
ally  through  natural  mortality  in 
crowded  young  forest  stands. 

Insulation  Board:  The  raw  m.Ue- 
rial  requirement  for  insulation  board 
is  very  similar  to  that  of  pulp  and 
hardboard.  The  Department  of  Cc  vn- 
merce  reports  926,000  tons  of  insula¬ 
tion  board  was  produced  during  19 '1. 
Since  insulating  board  weighs  an  aver¬ 
age  of  750  pounds  per  thous  nd 
square  feet,  1/2-inch  thick,  the  j  'O- 
duction  for  1951  equals  appr  xi- 
mately  2,470,000  M  square  feet. 

At  present  about  three-fourth'  of 
this  board  is  made  from  wood  f  'ler 
and  it  is  expected  that  it  prob.bly 
will  continue  to  be  the  major  so  rce 
of  raw  material  for  this  procMCt. 
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Table  3 — PRICES  OBTAINED  FOR  BYPRODUCTS  BY  DOUGLAS-FIR  MILLS 


Solid  cu.  ft. 

Value  at  mill 

Product 

Unit  cf 
measure 

per  unit  of 
measure 

per  unit 

per  cu.  ft. 

Fuelwood _ _ _ 1 _ 

_  cord 

90* 

$  5.75 

$0.06H 

Hogged  fuel _ _ 

71 

1.75 

O.02II 

Sawdust  (domestic  use) _ 

_  unit 

71 

3.50 

0.05 

Pulp  chips,  Douglas-fir _ _ _ 

71 

7.50 

0.10J4 

Pul^  chips.  Hemlock _ 

_  unit 

71 

15.00 

0.21 

16 

12.00 

0.65 

•Approximately  27  percent  bark. 

2A  unit  equals  200  cubic  feet  of  gravity-packed  material. 


i'herefore,  insulation  board  plants 
A’ill  compete  with  pulp  and  hard- 
'  oard  manufacturing  plants  for  wood 
hips. 

Cut  Stock:  Cut  stock  offers  a  mar- 
'  '.-t  for  the  large-size  byproducts  that 
evelop  at  manufacturing  plants,  par- 
•.cularly  sawmills.  A  great  many 
nail  pieces  of  lumber  are  used  for 
•  large  number  of  items  falling  gen- 
t.'-ally  into  the  classes  of:  factory 
ouse  group,  millwork  group,  house¬ 
hold  equipment,  toys,  agricultural 
;nplements,  moldings,  and  a  host  of 
similar  products. 

It  is  difficult  to  estimate  how  much 
\Ood  is  used  annually  for  these  prod¬ 
ucts.  Cut  stock  consumption  for  1948 
has  been  estimated  at  at  least  190 
million  board  feet.  A  portion  of  this 
volume  was  produced  from  slabs  and 
edgings  at  sawmills. 

The  consumers  of  cut  stock  require 
that  the  material  be  well  seasoned,  be 
cut  to  exact  size,  and  they  prefer  the 
.soft  pine  species.  Cut  stock  produced 
by  mill  men  from  residuals  often 
has  not  met  these  specifications.  Manu¬ 
facturers  have  therefore  preferred  to 
buy  seasoned  lumber  and  cut  it  to 
exact  size  at  their  fabricating  plants. 
If  the  volume  of  cut  stock  produced 
from  mill  residuals  is  to  be  expanded, 
more  attention  will  have  to  be  given 
to  producing  a  product  acceptable  to 
the  fabricating  plants. 

Lath:  Lath  has  been  produced  for 
many  years  almost  entirely  from  slabs 
at  sawmills.  A  little  over  half  of  the 
annual  lath  production  comes  from 
the  states  of  Oregon  and  Washington. 
At  present  lath  produced  in  these 
states  sells  for  about  $12  per  thousand 
pieces  at  the  sawmill.  Production  of 
lath  has  decreased  during  the  past 
several  years.  In  1942  production 
amounted  to  307  -million  pieces  and 
in  1947,  the  date  of  the  last  available 
national  figures,  the  amount  was 
slightly  less  than  200  million  pieces. 
Because  there  are  several  substitutes 
for  lath,  the  output  of  this  product  is 
likely  to  continue  to  decrease.  Sixty 
lath  equal  one  cubic  foot.  Assuming 
production  at  200  million  pieces  a 
year  would  mean  that  3,330,000  cubic 
feet  or  about  41.6  thousand  cords  of 
residual  wood  go  into  this  product 
annually. 

Other  Products:  Residual  wood 
can  be  used  in  numerous  other  prod- 
II  ts,  such  as:  sawdust  for  soil  condi- 
ti  mers,  pres-to-Iogs,  molding  fiber, 
V.  >od  flour,  and  products  from  wood 
b  Irolysis.  But  the  volume  of  wood 
r  iduals  that  will  be  used  as  a  raw 


material  for  these  products  is  small 
and  should  not  offer  serious  competi¬ 
tion  for  available  raw  material  in  the 
foreseeable  future. 

Summary 

Enormous  supplies  of  raw  material 
suitable  for  wood  fiber  products  can 
be  obtained  from  logging  and  manu¬ 
facturing  residuals  and  from  small 
and  cull  trees  that  are  not  included  in 
forest  inventories.  No  exact  figures 
are  available  on  the  annual  potential 
supply  available  from  this  source  al¬ 
though  it  is  conservatively  estimated 
to  be  at  least  70  million  cords. 

From  these  residuals  some  14,620,- 
000  cords  of  coarse  wood  and  the 
equivalent  of  10  million  cords  of 
sawdust  and  shavings  are  used  annu¬ 
ally  as  fuel.  For  pulp  chips  another 
4  million  cords  are  used.  During  the 
present  year  the  greatly  expanded 
hardboard  industry  will  use  about 
230,000  cords  of  residual  wood  and 
the  volume  going  into  softboards  will 
probably  be  double  that  amount. 
Numerous  other  products  are  being 
made  from  logging  and  manufactur¬ 
ing  residuals  and  it  is  expected  the 
volume  utilized  will  continue  to 
increase. 

Large  investments  have  been  made 
by  industry  to  make  this  wood  suitable 
as  a  raw  material  for  other  products. 
Barking  and  chipping  equipment 
at  sawmills  and  plywood  plants  are 
excellent  examples  of  what  can '  be 
done  to  produce  a  suitable  raw  mate¬ 
rial  for  another  industry. 

Residual  wood  develops  wherever 
timber  is  harvested.  However,  oppor¬ 
tunities  for  obtaining  a  raw  material 
supply  are  best  in  the  western  states. 
In  this  area  the  volume  of  residual 
wood  is  more  concentrated  than  in 
other  parts  of  the  country.  Douglas-fir 
operators  have  been  particularly  active 
in  finding  markets  for  mill  refuse 
that  would  otherwise  go  to  the  burner. 
Approximate  prices  the  primary  manu¬ 
facturers  are  obtaining  for  residual 
wood  for  various  uses  are  shown  in 
Table  3. 

Loggers  and  primary  manufacturers 
will  be  particularly  happy  to  see  an 


expanded  wood  fiber  industry.  Such 
an  expansion  will  give  them  addi¬ 
tional  markets  for  residual  wood  and 
thereby  let  them  better  utilize  their 
timber  resources.  From  all  indications 
the  wood  fiber  industry  need  not 
worry  about  a  raw  material  supply. 
If  this  industry  is  to  be  expanded, 
the  main  problems  will  be  concerned 
with  the  development  of  markets  and 
producing  a  product  at  a  price  that 
is  competitive. 

Discussion 

C.  AI.  Kreider  (Elmendorf  Re¬ 
search)  :  As  to  the  form  "unit” — does 
it  apply  to  both  chips  and  sawdust? 

Mr.  Matson:  Yes.  It  is  used  for 
both  chips  and  sawdust. 

M.  M.  Lehrbas  (Southern  Forest 
Experiment  Station) :  Aie  you  finding 
unit  a  satisfactory  measure  of  selling 
waste? 

Mr.  Matson:  Not  too  satisfactory 
but  old  measure  held  over  to  present 
day.  The  last  2^  years  expansion  ne¬ 
cessitates  some  change.  Suggest  dry 
weight  basis  for  buying  or  selling. 

H.  C.  L.  Miller  (Miller  Hofft) :  In 
a  survey  of  small  mills  made  in  one 
Virginia  County,  we  found  a  70  year 
supply  of  suitable  material  left  in  the 
woods. 

IF.  /.  O’Neil  (University  of  Mis¬ 
souri)  :  92,000  M  Cord.  What  % 
could  be  economically  utilized. 

Mr.  Matson:  We  realize  most  of 
this  material  is  uneconomical  under 
present  day  markets  but  it  is  a  huge 
potential  raw  material  supplv.  Also, 
most  of  it  is  fairly  accessible.  Wash¬ 
ington  made  survey  showing  76  per¬ 
cent  of  the  logging  residues  were 
within  500  ft.  of  roads. 

Mr.  Johnston  (Johnston-Crowder 
Mfg.  Co.) :  What  is  included  in 
logging  waste? 

Mr.  Matson:  All  logs,  chunks  and 
tops  down  to  4"  top. 

James  Bethel  (North  Carolina 
State) :  Table  1  shows  S,  greatest 
volume  but  say  N.  W.  has  best  source. 

Mr.  Matson:  Material  is  concen¬ 
trated  in  west. 
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Ponderosa  Pine  Woodwork  Residues  for 
Dry  Formed  Particle  Board 

E.  A.  PATTON 

Research  Engineer,  Curtis  Companies  Incorporated,  Qinton,  Iowa 


Seven  years  ago,  faced  with  a  serious  shortage  of  plywood 
panels  for  use  in  its  doors  and  kitchen  units,  Curtis  Companies  In¬ 
corporated  turned  its  ottention  to  the  daily  accumulation  of  between 
20  and  25  tons  of  woodwork  residues  resulting  from  operations  at 
its  Clinton,  Iowa  division,  and  asked  of  its  Research  Department  the 
obvious  question — “Can  panels  of  good  quality  be  economically 
made  from  this  material?” 

The  answer  to  the  question  came  more  than  two  years  later 
when  a  small  production  plant  began  to  turn  out  sizeable  quantities 
of  a  dry  process  particle  board  which  is  still  being  manufactured 
and  successfully  used  in  many  items  of  Curtis  Woodwork. 


Board  Properties  and  Uses 

HE  PARTICULAR  DRY  PROCESS  par¬ 
ticle  board  dealt  with  in  this  paper 
is  a  phenolic  resin-bonded  aggregate 
of  Ponderosa  Pine  particles,  ranging 
in  size  from  those  that  will  barely 
pass  through  a  12  mesh  screen  down 
to  those  that  are  ordinarily  spoken  of 
as  "fines”,  or  wood  flour  particles. 

It  is  also  characterized  by  a  specific 
gravity  of  approximately  1.0  which, 
along  with  its  smaller  particle  size, 
distinguishes  it  from  the  somewhat 
lower  density,  larger  particle  product 
now  popularly  referred  to  as  Chipcore. 
The  latter  ordinarily  is  used  for  some¬ 
what  different  purposes  than  the  heav¬ 
ier  particle  board. 

Since  the  purpose  behind  the  devel¬ 
opment  of  "Prespine”,  as  the  Curtis 
board  is  called,  was  to  furnish  a  panel 
with  finishing  characteristics  at  least 
equal  to  those  of  the  plywood  orig¬ 
inally  used  in  the  woodwork  items,  it 
was  necessary  to  manufacture  the 
product  practically  free  of  surface 
voids.  This  was  most  effectively  done 
by  using  relatively  fine  particles  and 
pressing  to  relatively  high  density. 

Other  physical  characteristics  of  the 
dry  formed  particle  board  are  light¬ 
ness  of  color,  hardness,  high  tensile 
strength  perpendicular  to  the  surface, 
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excellent  screw  holding  properties, 
good  abrasion  resistance,  low  linear 
expansion,  good  bending  strength, 
good  weathering  resistance,  and  good 
machinability.  The  board  can  be  pro¬ 
duced  nearly  as  light  colored  as  the 
average  piece  of  Ponderosa  Pine,  de¬ 
pending,  of  course,  upon  the  care 
taken  in  eliminating  knots,  bark  and 
other  dark-colored  matter  from  the 
wood  residue,  and  also  in  the  selec¬ 
tion  of  the  resin.  This  light  color  char¬ 
acteristic  enables  the  board  to  be  used 
to  advantage  where  natural  or  blond 
finishes  are  employed. 

Its  hardness,  equivalent  to  that  of 
dogwood,  as  determined  by  measur¬ 
ing  the  force  required  to  imbed  a 
steel  ball  of  0.444  inches  diameter  to 
a  depth  equal  to  its  radius,  together 
with  its  relatively  high  tensile  strength 
perpendicular  to  the  surface  of  290 
lbs.  per  square  inch,  make  it  an  ideal 
core  material  for  the  single  operation 
manufacturer  of  core-decorative  lami¬ 
nate  combinations. 

Its  excellent  screw  holding  property, 
averaging  516  pounds  for  withdrawal 
of  one-inch  No.  10  wood  screws  im¬ 
bedded  %  of  an  inch  makes  it  desir¬ 
able  for  use  in  furniture  applications 
such  as  table  tops. 

Other  uses  and  possible  uses  for  the 
board  include  cabinet  construction, 
drawer  bottoms,  door  panels,  flooring, 
bench  tops,  etc. 

Raw  Material 

The  raw  material  used  in  the  manu¬ 
facture  of  the  particle  board,  which 
was  formerly  used  entirely  for  boiler 
fuel,  falls  into  two  categories  rather 


’  loosely  defined  as  hogged  residue  anj 
machining  residue.  This  material  !s 
developed  largely  from  shop  lumbci, 
and  therefore  the  hogged  residue  coi  - 
tains  a  considerable  quantity  of  knot  , 
pitch  pockets,  bits  of  bark,  etc.  th.  t 
were  cut  out  in  order  to  convert  tl  j 
shop  lumber  into  clear  cut-stock. 

The  hogged  residue,  containing  tl  e 
above-mentioned  defects,  is  collected 
in  a  separate  exhaust  system,  and  s 
deposited  in  a  separate  bin.  This  mat'  - 
rial  is  largely  in  the  form  of  chip 
from  one  to  three  inches  long,  ani 
from  to  %  inches  wide.  The  m,i- 
chining  residue,  on  the  other  hand,  is 
accumulated  almost  entirely  from 
molders,  stickers,  Sanders,  boring  m.i- 
chines  and  the  like,  which  process 
clear  lumber,  and  is  therefore  much 
"cleaner”  than  the  hogged  residue. 

It  is  interesting  to  note  that  tiie 
hogged  residue  and  machining  resi¬ 
due  each  constitute  approximately  20 
percent  of  the  total  weight  of  lumber 
used,  making  the  total  residue  approxi¬ 
mately  40  percent.  This  is  developed 
largely  from  No.  2  shop  lumber. 

The  machining  residue  is  preferred 
raw  material  in  the  manufacture  of  the 
particle  board.  It  is  available  in  prac¬ 
tically  the  same  volume  as  the  hogged 
residue,  each  type  amounting  to  ap¬ 
proximately  10  tons  per  day,  and  since 
the  particle  board  plant  requiremeiits 
are  only  five  tons  of  residue  a  day, 
there  is  a  more  than  adequate  quantity 
of  the  cleaner  machining  residue 
available. 

This  does  not  mean  that  the  hogg  d 
residue  will  not  make  a  satisfactory 
board,  but  merely  that  it  is  second 
choice  to  the  machining  residue,  due 
to  the  fact  that  it  contains  knot  sec¬ 
tions,  bark,  etc.  which  are  undesira!)Ie 
in  the  event  that  light  color  is  nec  s- 
sary  in  the  finish^  panel.  Also  it 
occurs  in  coarser  form  and  is,  the  e- 
fore,  more  difficult  to  grind  to  "^he 
required  particle  size  than  is  the  i  ma¬ 
chining  residue. 

Since  the  particle  board  is  fairly 
near  the  raw  material  source,  a  pn  u- 
matic  conveyor  system  is  used  to  (  'n- 
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vey  the  machining  residue  into  a  stor- 
a,;e  bin.  It  is  fed  from  the  bin  as  re- 
li  aired  by  means  of  a  conveyor  chain 
ever  a  set  of  magnets  to  remove  tramp 
•.  on  from  the  residue,  and  into  a  ham- 
piermill  having  a  capacity  of  approxi- 
I  lately  1500  pounds  per  hour.  The 

i. sidue  falls  from  the  hammermill  as 

ii. iely  ground  particles  into  another 
'..orage  bin.  It  is  drawn  from  the  sec- 
end  storage  bin  by  means  of  a  screw 
.  .)nveyor  as  needed  for  eventual  manu- 
i.icture  into  panels. 

The  grinding  rate  of  the  hammer- 
mill  is  determined  by  the  fineness  of 
tile  material  delivered  to  it,  as  well  as 
by  the  fineness  to  which  it  is  ground, 
and  the  1500  pounds  per  hour  figure 
is  based  on  grinding  machining  resi¬ 
due  or  similar  material.  The  same  ma¬ 
chine  will  grind  less  than  1000  pounds 
of  hogged  residue  per  hour  because 
the  hogged  residue  consists  of  larger 
chips,  and  therefore  requires  more  re¬ 
duction  in  size  than  does  the  machin¬ 
ing  residue. 

Since  all  of  the  wood  residue  comes 
from  kiln-dried  lumber,  the  moisture 
content  of  the  raw  material  is  not  ex¬ 
cessive,  and  no  drying  operation  is 
necessary.  After  passing  through  the 
hammermill,  the  wood  has  a  moisture 
content  between  6  and  8  percent,  and 
it  is  in  fact  necessary  to  bring  it  up 
to  12  to  14  percent  before  pressing, 
in  order  to  achieve  proper  bonding. 

Mixing  of  the  wood  with  water  and 
phenolic  resin  is  carried  out  in  a 
muller-type  mixer  by  the  batch  proc¬ 
ess.  The  resin  content  used  is  approxi¬ 
mately  61/2  percent,  based  on  the  air- 
dry  weight  of  the  wood.  We  prefer  to 
use  a  one-stage  phenolic  resin  to 
achieve  lightness  of  color  and  good 
weather  resistance,  but  other  thermo¬ 
setting  resins  are  satisfactory  for  given 
purposes.  Most  two-stage  phenolic 
resins  impart  approximately  the  same 
properties  to  the  board  as  do  the  one- 
stage  resins,  with  the  exception  of 
color,  the  two-stage  resin  producing  a 
slightly  darker  board. 

Panel  Forming  Process 

The  aggregate  of  moist  wood  resi¬ 
due  and  resin  is  loaded  into  aluminum 
trays  by  means  of  a  specially-designed 
pan  filling  machine.  These  trays  are 
placed  in  a  five  opening  press  loader 
which  thrusts  them  into  the  press  and 
at  the  same  time  pushes  the  five  trays 
containing  finished  panels  out  of  the 
prfss  onto  a  stationary  unloading  rack. 
Th  -  press  is  then  closed  on  the  five 
nev.'ly-loaded  trays  and  a  pressure  of 
approximately  325  psi.  and  a  tempera¬ 


ture  of  approximately  320®  F.  is  ap¬ 
plied  for  41/2  minutes.  Following  this, 
the  pressure  is  slowly  released  in  or¬ 
der  to  avoid  blistering  of  the  panels, 
and  the  cycle  repeated. 

These  pressing  conditions  hold  good 
only  for  the  particular  thickness  and 
density  of  board  that  is  described  in 
this  paper.  Thicker  boards  require 
longer  pressing  times  and  have  much 
more  tendency  to  blister  unless  re¬ 
duced  in  density. 

The  panels  are  air-cooled  after  re¬ 
moval  from  the  trays  and  are  then 
sprayed  with  enough  moisture  to  bring 
them  from  a  moisture  content  of  ap¬ 
proximately  2  percent  to  a  moisture 
content  of  6  to  7  percent  after  which 
they  are  flat  piled  to  give  the  moisture 
a  chance  to  distribute  itself  equally 
throughout  the  panel. 

This  is  an  essential  procedure  in 
case  the  panel  is  to  be  used  for  cabi¬ 
net  construction,  door  panels,  etc., 
since  the  moisture  increase  from  2  per¬ 
cent  to  the  average  equilibrium  mois¬ 
ture  content  of  6  to  7  percent  results 
in  a  slight,  but  nevertheless  signifi¬ 
cant,  swelling  both  in  thickness  and  in 
lateral  dimensions. 

The  boards  are  then  edge-trimmed 
on  a  double-end  cutoff  saw  usually 
with  carbide-tipped  saws  and  are  later 
cut  to  various  sizes,  some  of  which 
are  sanded  in  drum  sanders.  The  thick¬ 
ness  of  the  panels  is  9/32  of  an  inch 
plus  or  minus  1/64  of  an  inch  upon 
removal  from  the  press.  Sanding  brings 
them  to  a  thickness  of  I/4  inch.  Plan¬ 
ing  also  has  been  used  for  thickness 
reduction  where  a  somewhat  rough, 
pitted  surface  is  not  objectionable  as 
would  be  the  case  when  the  board  is 
used  for  core. 

One  outstanding  advantage  of  this 
type  of  particle  board  operation  is  the 
fact  that  it  does  not  have  to  be  large, 
and  does  not  require  a  huge  raw  mate¬ 
rial  supply  for  economical  operation. 
Many  woodworking  plants  could  eco¬ 
nomically  manufacture  panels  for  their 
own  use,  and  perhaps  enjoy  a  limited 
outside  market  in  addition.  Our  opera¬ 
tion,  which  employs  a  4-  by  4-foot, 
five-opening,  steam-heated  press,  con¬ 
sumes  five  tons  of  waste  per  8-hour 
shift,  and  requires  the  services  of  4 
men  plus  a  working  supervisor  per 
shift.  Each  shift  turns  out  about  400 

Eanels,  or  6400  square  feet  of  particle 
oard.  Since  trimming  and  sanding  is 
done  in  the  main  factory  and  not  in 
the  particle  board  plant,  these  opera¬ 
tions  are  separate  and  require  a  small 
additional  amount  of  labor.  The  labor 
involved  in  the  manufacture  of  our 


board  is  higher  than  necessary,  due  to 
the  fact  that  automatic  equipment  for 
handling  the  trays  has  never  been  in¬ 
stalled.  Also,  the  batch  mixing  process 
requires  an  operator  who  would  not 
be  required  to  operate  continuous  mix¬ 
ing  apparatus. 

Additional  Residue  Disposal 

After  removing  approximately  5 
tons  of  residue  from  the  total  daily 
accumulation,  between  15  and  20  tons 
are  still  burned  for  fuel  to  supply 
steam  and  power  for  the  entire  fac¬ 
tory,  including  the  hardboard  plant. 
In  case  it  is  desirable  to  operate  the 
hardboard  plant  on  a  2-shift  basis,  as 
has  often  been  the  case,  an  outside 
source  of  fuel  can  be  used  to  supple¬ 
ment  the  reduced  wood  residue  supply 
available  for  fuel. 

Curtis  hopes  that  someday  its  power 
plant  boiler  fires  will  be  fed  entirely 
by  outside  sources  of  fuel,  and  that  all 
wood  residues  will  eventually  find 
their  way  into  useful  articles  such  as 
particle  board  or  molded  products. 

Discussion 

Mr.  IF.  /.  Tomford  (James  E. 
Stark  Company,  Memphis,  Tenn.): 
Does  speaker  care  to  give  selling 
price 

Mr.  Patton:  We  do  not  sell  the 
product  except  as  a  part  of  our  manu¬ 
factured  woodwork  articles. 

fames  R.  Roberts  (Weyerhaeuser 
Timber  Company) :  Do  you  make 
various  densities? 

wlr.  Patton:  No.  We  manufacture 
a  board  of  specific  gravity  of  approxi¬ 
mately  1.0  only. 

Jacob  B.  Huffman  (University  of 
Florida) :  What  properties  of  resin 
binder  for  dry  formed  boards  are 
desirable. 

Mr.  Patton:  We  have  found  the 
most  desirable  resin  to  be  a  one  stage 
phenolic  resin  since'  it  gives  a  light 
color  to  the  finished  panel,  and  has 
considerable  flow  properties  coupled 
with  fast  cure. 

N.  M.  Hicks  (E.  L.  Bruce) :  Have 
you  made  tests  on  durability  of  inked 
grain? 

Mr.  Patton:  Ink  formulation  is  re¬ 
sistant  to  everything  including  paint 
and  varnish  remover. 

Henry  Beneke  (Beneke  Corpora¬ 
tion)  :  Can  you  supply  material  on 
screw  holding  properties? 

Mr.  Patton:  Prespine  has  an  aver¬ 
age  screw  holding  power  of  516 
pounds  for  withdrawal  of  one  incn 
:^10  wood  screw  embedded  %  of  an 
inch. 
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Douglas  Fir  Slabs,  Edgings  and  Bark — Wet 
Continuous  Process  Hardboard 

W.  J.  RUNCKEL 

Manager,  Hardboard  Division,  Oregon  Lumber  Company,  Dee,  Oregon 


Describes  production  of  hardboard  using  green  unbarked  slabs, 
edgings  and  other  chippable  forms  of  material  resulting  from  saw¬ 
mill  operation.  Variety  of  species  are  used  without  selection  or 
segregation,  although  preponderant  source  of  material  is  Douglas 
fir.  Bark  constitutes  over  25  percent  of  material  used  in  process. 


The  Oregon  Lumber  Company 
has  been  producing  hardboard  in 
its  new  plant  at  Dee,  Oregon  for  over 
a  year  and  is  still  operating  with  the 
same  basic  process  with  which  it  be¬ 
gan.  This  process  is  considered  unique 
in  that  all  the  bark  normally  occurring 
on  solid  sawmill  residues  is  incorpor¬ 
ated  into  the  board.  The  bark,  pri¬ 
marily  Douglas  fir,  contains  chemicals 
which  impart  desirable  water  resist¬ 
ance  to  the  board  without  the  addi¬ 
tion  of  special  chemicals  for  this 
purpose. 

The  product  is  marketed  under  the 
trade  name  Allwood  and  has  been  sat¬ 
isfactorily  used  in  the  automotive,  fur¬ 
niture,  railroad,  display  and  advertis¬ 
ing,  and  construction  industries.  The 
product  is  sold  and  distributed  by  the 
Simpson  Logging  Company  of  Seattle, 
Washington,  who  have  exclusive  sale 
of  the  product. 

This  plant  was  designed  and  engi¬ 
neered  by  the  Blaw-Knox  Construc¬ 
tion  Company  of  Pittsburgh,  Penn¬ 
sylvania,  based  on  the  Lighthall- 
Anderson  patents  which  cover  the 
utilization  of  the  bark  as  well  as  the 
wood  in  conversion  to  a  fiber  product. 
The  process  represents  a  new  phase 
in  wood  utilization  using  bark  in  high 
percentages  for  a  useful  and  economic 
purpose.  Earlier  laboratory  work  pre¬ 
sented  before  this  Society  has  now 
been  proved  in  actual  production.  The 
steps  in  processing  used  in  this  plant 
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are  available  in  a  preceding  paper  for 
those  wishing  to  review  these  steps, 
but  at  this  point,  I  would  like  to  com¬ 
ment  on  some  of  the  points  discussed 
in  the  earlier  paper  in  terms  of  com¬ 
mercial  production. 

Raw  Material 

Slabs  and  edgings  are  accepted 
from  our  present  sawmill  which  cuts 
approximately  150,000  board  feet  per 
day.  They  are  processed  without  Air- 
ther  separation  or  preparation.  The 
unbarked  material  is  carried  by  con¬ 
veyor  off  the  slashers  in  the  mill 
which  cut  the  material  to  4-foot 
lengths.  These  slabs  and  edgings  are 
then  conveyed  by  drag  chain  over  a 
grated  hog.  Here,  sawdust  falls 
through.  Thin  or  short  blocks  that 
might  crosscut  in  the  chipper  are 
hogged  and  returned  to  our  power 
plant  for  fuel.  The  slabs  in  turn  are 
conveyed  to  the  chipping  plant  where 
they  are  reduced  to  chip  form.  From 
this  point  on,  the  processing  is  typi¬ 
cally  that  of  a  wet  felting  process 
using  a  continuous  forming  machine 
and  a  multiple-opening  hot  press. 

The  hardboard  plant  is  now  operat¬ 
ing  at  70%  of  the  planned  produc¬ 
tion  of  80  tons/day.  This  has  been 
due  to  lack  of  adequate  warehousing 
and  the  gradual  struggle  of  entering 
the  market  with  a  new  product.  The 
present  waste  material  from  the  saw¬ 
mill  supplies  both  the  power  plant  and 
the  hardboard  plant  with  raw  mate¬ 
rial,  steam,  and  power.  The  waste 
burner  has  become  obsolete.  The  hard¬ 
board  plant  permits  complete  utiliza¬ 
tion  of  existing  wood  by-products 
with  a  minimum  amount  of  processing. 

Power  is  partly  generated  and 
partly  purchased.  At  present,  500  kw 
is  purchased  from  the  public  utility 
on  a  maximum  2000  kw  contract. 
This  500  kw  along  with  our  present 


power  output  supplies  the  entie 
operation.  As  sales  volume  increase. ., 
and  more  steam  is  required  with  tl  e 
addition  of  a  new  tempering  plant,  a 
greater  proportion  of  power  will  :>e 
purchased.  Defective  logs,  i.e.,  these 
having  heart  rot  and  shake  which  a  e 
now  left  in  the  woods,  will  be  brou^  it 
into  the  mill.  The  slabwood  will  le 
processed  into  hardboard  with  t  ie 
remainder  going  to  fuel. 

The  plant  was  also  designed  .o 
accommodate  another  press  line  aiid 
thus  double  the  production  race. 
When  this  time  comes,  slabwood  will 
be  purchased  from  the  small  mills  in 
the  area.  It  is  also  expected  that  a 
better  job  will  be  done  on  utilization 
of  slashings  in  the  woods  area  with 
portable  chippers.  The  company  owns 
an  18,000  acre  tree  farm  on  which 
utilization  of  thinnings  will  be  prac¬ 
ticed  similar  to  that  done  in  the 
Northeastern  States.  The  use  of  un¬ 
barked  wood  simplifies  this  processing 
and  indicates  a  worthwhile  under¬ 
taking. 

The  raw  material  is  made  up  of  a 
number  of  species  of  timber,  the  pre¬ 
ponderant  source  being  Douglas  Fir. 
The  other  species  with  reference  to 
volume  are:  Western  Hemlock,  White 
Fir,  Noble  Fir,  Western  Red  Cedar 
and  White  Pine.  The  percent  com¬ 
position  varies,  but  no  selection  or 
segregation  has  been  necessary.  We 
have  run  as  high  as  50  percent  of  the 
minor  species  without  affecting  the 
physical  properties  of  the  product. 

Chemicals 

In  all  other  commercial  hardboard 
processes,  certain  percentages  of  siz- 
ing  agents  are  added,  such  as  r  isin 
or  waxes,  to  render  the  finished  1  tfd- 
board  resistant  to  water  absorj 'ion 
and  subsequent  swelling.  We  hav'  not 
found  any  such  additives  nece'?ary 
and  yet  our  product  shows  excc’lent 
dimensional  stability.  We  do,  ow- 
ever,  add  %  of  a  piercent  phe  olic 
resin  in  our  Standard  boards  for 
additional  strength  and  mach  ting 
qualities. 

(Continued  on  page  22S) 
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Chipcore— Its  Characteristics 
and  Production 

H.  C  L.  MILLER 

President,  Miller  Hofft,  Inc.,  Richmond,  Virginia 


Chipcore  made  from  kiln  dried  leftovers  in  furniture  operations 
is  described  and  its  properties  discussed.  Comparative  test  results  on 
the  material  as  produced  from  many  wood  types  and  sources  are 
presented  with  a  description  of  a  representative  Chipcore  manufac- 
ing  plant  now  under  construction. 


The  use  of  kiln-dried  leftovers 
from  furniture  operations  for  the 
production  of  Chipcore  is  a  specific 
example  of  wood  utilization  for  com¬ 
position  products  which  is  now  receiv¬ 
ing  widespread  attention.  It  seems  in¬ 
evitable  that  this  should  be  the  case 
because  the  conversion  of  block  left¬ 
overs  into  a  satisfactory  core  material 
to  replace  lumber  core  causes  a  sub¬ 
stantial  reduction  in  the  total  lumber 
cut  required  for  a  given  furniture  pro- 
duction.This  also  provides  a  saving  in 
overall  cost  of  that  production  and,  in 
many  cases,  additional  core  material 
for  sale  at  a  profit.  Many  furniture 
operations  develop  kiln-dried  block 
waste  in  quantities  greatly  exceeding 
that  required  for  use  as  fuel,  and  dis¬ 
posal  is  often  a  serious  problem.  Con¬ 
verting  such  leftovers  into  a  core  ma¬ 
terial  having  a  much  higher  value 
than  fuel  is  a  big  step  in  improved 
utilization  of  timber  resources.  Un¬ 
like  many  conservation  measures,  it  is 
one  that  is  accomplished  at  a  sub¬ 
stantial  profit  to  the  owner  or  a  corre¬ 
sponding  reduction  in  his  production 
costs.  It  is,  therefore,  of  general  in- 
terc“St  to  discuss  Chipcore  as  a  product, 
to  present  results  of  an  extensive  pro¬ 
gram  of  tests  and  experiments  with 
the  material,  to  indicate  the  control 
of  physical  characteristics  and  other 
properties  which  may  be  obtained  by  a 
complete  and  flexible  manufacturing 
process,  and  finally  to  describe  a  plant 
now  being  built  for  a  typical  furniture 
manufacturer. 


ABOUT  THE  AUTHOR:  MILLER, 
H.  C.  L.  Received  BS  degree  in  mechan- 
ic.i'  engineering  from  Massachusetts  Insti- 
tui  of  Technology,  1923.  Author  of  nu- 
m  ous  technical  papers  for  ASME,  TAPPI, 
FEHS  and  other  groups.  Formerly  asso- 
ci..  d  with  Foster  Wheeler  Corporation, 
Pr  tor  and  Gamble  Company,  Goodyear 
Ti  .  and  Rubber  Company,  and  with  the 
L'  b.  Government  during  World  War  11. 
N'  her:  ASMM,  ASME,  NAM  and  FPRS. 

.U'URNAL  of  FPRS 


For  purposes  of  this  paper.  Chip- 
core  is  defined  as  a  relatively  thick 
CYs"  p'lnel  produced  by 

curing  a  suitably  selected  and  pre¬ 
pared  mixture  of  wood  particles  and 
binder  under  conditions  of  heat  and 
pressure  which  will  permit  the  poly¬ 
merization  of  the  binder  and  the  for¬ 
mation  of  a  stable  mat  having  prop¬ 
erties  of  strength,  stability,  surface 
and  dimensions  suitable  for  its  in¬ 
tended  use.  The  panels  are  usually 
formed  flat  but  may  be  produced  in 
curved  or  other  shapes  if  desired. 
They  may  be  made  of  uniform  thick¬ 
ness  throughout  or  corrugated, 
grooved,  lined  or  dimpled  by  the  use 
of  suitable  platens  in  the  pressing  op¬ 
eration.  One  of  the  most  widely 
adopted  uses  of  Chipcore  is  in  the 
production  of  cross  banded  and 
veneered  panels  where  it  takes  the 
place  of  edge-glued  lumber  core.  It 
may  also  be  used  as  sheathing  and 


subflooring.  Numerous  other  applica¬ 
tions  have  been  suggested  and  no 
doubt  a  more  widespread  understand¬ 
ing  of  the  properties  of  this  material 
will  result  in  many  other  uses. 

It  cannot  be  over-emphasized  that 
Chipcore  is  a  particle  board  and  not  a 
sawdust  product.  The  accepted  parti¬ 
cles  used  are  graded  to  be  as  uniform 
in  size  and  geometric  shape  as  possi¬ 
ble.  Oversized  particles  are  recycled 
in  the  chip  preparation  and  fines  are 
eliminated  in  order  to  reduce  adhesive 
requirements  and  improve  strength. 
Uniformity  is  important  and  it  must 
be  obvious  that  it  cannot  be  obtained 
from  masses  of  materials  greatly  dif¬ 
fering  either  in  size  or  shape.  Many 
factors  affect  the  characteristics  and  a 
full  understanding  of  these  is  neces¬ 
sary  so  that  the  proper  combination 
materials  and  processing  equipment 
may  be  selected  to  produce  the  desired 
result. 

To  provide  a  basis  for  plant  design 
and  operation,  an  extensive  experi¬ 
mental  program  has  been  undertaken. 
A  large  number  of  38"  x  38"  test 
panels  have  been  made  from  a  variety 
of  samples  on  a  semi-commccial  scale 
during  the  past  18  months.  Poplar, 
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gum,  gum  bark,  oak,  oak  and  south¬ 
ern  pine,  cedar,  walnut,  cherry,  maple, 
douglas  fir,  and  ponderosa  pine  have 
been  used  as  raw  material  and  the 
resulting  panels  tested  for  strength, 
stability,  machining  characteristics  and 
suitability  for  various  uses.  One  object 
of  these  investigations  was  to  corre¬ 
late  the  effect  of  binder  treatment, 
density,  species  and  chip  shape  with 
stren^h,  dimensional  stability  and 
moisture  absorption.  A  closely  con¬ 
trolled  series  of  tests  were  made  on  43 
sample  panels  made  from  the  same 
wood  (poplar)  using  the  same  system 
of  grinding  and  screening  but  with 
varying  density  and  binder  treatment. 
All  reported  results  are  on  samples 
taken  from  large  panels  and  are  the 
averages  of  many  determinations.  They 
are  representative  of  what  may  be  ex¬ 
pected  in  full-scale  commercial  opera¬ 
tion. 

One  conclusion  from  these  investi¬ 
gations  is  that  the  type  of  wood  used 
for  Chipcore  has  no  direct  effect  on 
the  strength  of  the  boards  produced. 
It  might  have  been  expected  that  high 
strength  material  would  give  high 
strength  board  but  this  is  not  true. 
Chip  orientation  and  shape,  the  density 
to  which  the  mat  is  pressed,  and  the 
amount  of  extended  resin  treatment 
exert  much  stronger  influences  on 
board  strength.  For  example,  oak, 
which  is  hard  and  strong  in  solid 
form,  splinters  readily  during  grind¬ 
ing  and  produces  a  higher  percentage 
of  fines  than  do  some  of  the  softer 
woods.  This  seems  to  offset  the  strength 
advantage  which  might  come  from 
the  oak  itself.  On  the  other  hand, 
scrap  veneer  from  softer  wood  grinds 
into  long  flat  chips  with  few  fines  to 
give  board  of  high  strength  with  a 
modulus  of  rupture  as  much  as  50% 


higher  than  that  of  board  prepared 
from  block  wood  of  the  same  species. 
However,  the  density  of  the  raw  ma¬ 
terial  itself  does  influence  the  dimen¬ 
sional  stability  of  Chipcore  because  of 
its  bearing  on  the  net  porosity  of  the 
panel. 

As  shown  in  Fig.  1,  the  transverse 
modulus — ^probably  the  most  impor¬ 
tant  strength  test — is  a  function  of 
panel  density  and  resin  treatment  for 
any  given  wood.  Density,  however, 
affects  bending  strength  much  more 
than  does  resin  treatment  within  the 
limits  tested.  This  is  also  true  of  ten¬ 
sile  strength,  shear  strength  and  screw 
holding  power  as  shown  on  Fig.  2,  3 
and  4.  Hardness  is  a  function  of  den¬ 
sity  only,  being  practically  independ¬ 
ent  of  resin  treatment  as  shown  on 
Fig.  5.  All  of  these  comparative  tests 
were  made  on  the  same  lot  of  poplar 
boards  processed  in  exactly  the  same 
way  except  for  the  variations  in  den¬ 
sity  and  resin  treatment.  While  the 
results  are  reported  in  relative  terms, 
they  may  be  converted  to  absolute 
values  by  stating  that  the  values  for 
poplar  Chipcore  at  35  pounds  per 
cubic  foot  bone  dry  and  20%  treat¬ 
ment  of  extended  liquid  resin  are: 


Transverse  Modulus _ 2260  p.s. 

Tensile _  780  p.s.i- 

Shear _  1670  p.s'i’ 

Screw  Holding _  196  Ibs-i- 

Hardness _ _ - . . . .  1000  lbs.' 


Thus,  on  the  basis  of  strength  tests 
above,  it  is  possible  to  make  a  Chip- 
core  panels  of  nearly  equal  strength 
by  increasing  the  density  and  decreas¬ 
ing  the  amount  of  resin.  For  example: 

A  B 


Density,  OD  W/cu.  ft _  35  36  3 

%  Resin  Treatment _  20  16 

Transverse  Modulus,  p.s.i _  2260  2260 

Tensile,  p.s.i -  780  485 

Shear,  p.s.i .  1670  1670 

Screw  Holding,  lbs _  196  194 

Hardness,  lbs -  1000  1130 


Tensile  strength,  which  is  mo>t 
affected  by  resin  treatment,  is  reduce  i 
by  changing  from  A  to  B  but  oth'  r 
strength  characteristics  remain  abo.  t 
equal. 

As  shown  by  Fig.  6,  dimension  ! 
stability,  the  change  of  dimension  with 
change  in  moisture  content,  is  a  fun  - 
tion  of  panel  density  and  resin  treat¬ 
ment.  Wood  species  has  some  effet 
on  board  properties  in  that  it  affec  ts 
the  net  porosity  of  the  panel  at  any 
given  density,  as  well  as  the  stabihiy 
of  the  individual  chips.  The  relati\  e 
dimensional  stability  of  Chipcore  made 
from  various  woods,  as  determined  by 
test,  is  listed  below: 

Walnut  (least  stable) 

Maple 

Poplar 

Cherry 

Oak  and  Pine  Mixture 

Cedar 

Oak 

Douglas  Fir 

Gum  Bark  (most  stable) 

At  low  resin  treatment,  dimensional 
stability  is  greatly  affected  by  board 
density;  at  normal  treatment  (20%) 
it  is  moderately  affected;  at  high  treat¬ 
ment  it  is  little  affected. 

The  surface  characteristics  of  Chip- 
core  panels  are  important  because  they 
govern  the  amount  of  finish  planing 
or  sanding  required  prior  to  cross¬ 
banding  and  face  veneering.  Ai  o, 
surface  texture  influences  the  possibil¬ 
ity  of  "dimple”  or  "telegraphing”  in 
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;  nished  surfaces  after  extended  serv- 
:.  e  under  varying  conditions  of  tem- 
[icrature  and  relative  humidity.  Dim- 
j-le  effects  are  comparable  to  the  ap¬ 
pearance  of  glue  lines  in  the  finish 
neer  faces  of  lumber  core  panels. 

number  of  comparative  tests  of  the 
two  constructions  have  been  made 
which  showed  Chipcore  to  be  at  least 
us  good  as  the  lumber  core  in  this 
r.spect  even  under  extreme  conditions. 
The  lower  the  density,  compatible 
v.  ith  strength  requirements,  the  less 
will  be  the  chance  of  "dimple”. 

Thus,  for  each  particular  use  a  bal¬ 
ance  between  density,  resin  treatment 
and  chip  size  may  be  reached  which 
will  give  adequate  strength  and  accept¬ 
able  surface  properties  with  the  mini¬ 
mum  use  of  adhesive.  We  believe  that 
too  much  emphasis  can  be  placed  on 
strength  alone  and  that,  for  many  ap¬ 
plications,  the  most  economical  and 
generally  satisfactory  product  is  in  the 
lower  density  range.  The  design,  selec¬ 
tion  and  arrangement  of  equipment 
must  give  due  consideration  to  all  in¬ 
fluencing  factors  in  each  specific  case 
and  a  plant  provided  which  is  flexible, 
controllable  at  each  step,  and  easily 
adjustable  to  compensate  for  varia¬ 
tions  in  raw  material  supply.  Only 
with  proper  mechanical  design  and  a 
knowledge  of  the  effect  of  the  several 
variables  is  it  possible  to  achieve 
proper  quality  and  uniformity  of 
product. 

A  specific  example  of  the  utilization 
of  kiln-dried  leftovers  in  the  produc¬ 
tion  of  Chipcore  both  for  use  in  its 
own  products  and  for  others  is  the 
complete  new  Chipcore  plant  now  un¬ 
der  construction  for  the  Cavalier  Cor¬ 
poration,  Chattanooga,  Tennessee. 
This  plant  is  expected  to  begin  opera¬ 
tion  during  the  summer  of  1953.  The 
plant  will  substantially  duplicate,  in 
capacity  and  equipment,  one  which 
was  put  into  commercial  operation  fot 
the  Wabash  Screen  Door  Company  of 
Minneapolis,  Minnesota  in  the  fall  of 
1952.  However,  the  Cavalier  plant 
will  be  more  flexible  in  that  it  will 
be-  able  to  produce  thicker  boards. 


Furthermore,  it  will  incorporate  im¬ 
provements  and  design  refinements 
which  have  evolved  from  experimental 
plant  operations  as  well  as  the  initial 
operations  at  Wabash. 

The  Cavalier  plant  now  develops 
from  12  to  13  tons  of  block  leftovers 
per  day  and  these  will  furnish  the 
raw  material  for  the  new  Chipcore 
operation.  This  waste  is  kiln-dried 
and  contains  very  little  bark.  It  con¬ 
sists  principally  of  eastern  red  cedar 
but  includes  a  substantial  proportion 
of  poplar  from  the  present  lumber- 
core  department.  The  proportion  of 
poplar  will  be  reduced  when  the  Chip- 
core  plant  goes  into  operation  because 
of  the  substitution  of  Chipcore  for 
lumber  core.  All  block  leftovers  from 
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the  manufacturing  operations  are  de¬ 
livered  to  a  single  conveyor  which 
feeds  a  hog  located  in  the  present 
plant.  This  hog  is  a  primary  reduc¬ 
tion  unit.  After  passing  through  it, 
the  leftovers  will  be  conveyed  through 
a  blow  pipe  and  cyclone  system  to  an 
elevated  live  bottom  storage  bin  which 
will  be  located  above  the  treating  floor 
in  the  new  Chipcore  plant. 

Fig.  7  is  a  diagramatic  sketch  of  the 
manufacturing  process.  The  rough- 
hogged  chips  received  from  the  main 
plant  are  delivered  at  the  desired  rate 
to  a  screen.  Fines  are  sent  to  the  boiler 
house  for  use  as  fuel;  oversize  chips 
are  returned  to  a  secondary  grinder; 
the  accepted  chips  are  conveyed  con¬ 
tinuously  to  a  weightometer.  Extended 


Figure  7. — Sketch  of  manu- 
facturir«g  process. 
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urea  formaldehyde  resin  and  accepted 
chips  are  then  fed  continuously,  and 
at  controlled  rates,  to  a  special  mixer 
which  discharges  to  a  small  surge  bin 
having  a  controlled  rate  of  discharge. 
The  surge  bin  in  turn  feeds  a  special 
spreading  and  leveling  unit  which  dis¬ 
tributes  a  uniform  mat  of  treated 
chips  on  metal  cauls  passing  end  to 
end  under  the  distributor.  This  device 
is  one  of  the  most  important  elements 
in  the  whole  process,  its  function  be¬ 
ing  to  lay  down  a  level  mat  of  thor¬ 
oughly  mixed  and  uniformly  treated 
chips.  The  loaded  cauls  pass  from  the 
distributor  through  precompression 
rolls  to  a  spacing  conveyor  which  in 
turn  charges  the  press-loading  rack. 
The  hot-plate  press  has  eight  4-inch 
daylight  openings  and  54-  by  100- 
inch  platens.  After  closing  the  press 
to  automatic  stops  and  curing,  the 
boards  and  cauls  move  on  to  an  un¬ 
loader.  Here  the  boards  and  cauls  are 
separated,  the  cauls  returning  along 
the  conveyor  line  for  reuse,  and  the 
cured  slabs  strip-stacked  and  conveyed 
to  storage.  Edge  trim  from  the  rough 
slabs  will  be  returned  to  the  secondary 
hog  for  regrinding  and  reuse. 

All  steps  in  the  manufacturing  op¬ 
eration  are  performed  continuously 
except  the  actual  pressing  and  curing 
of  the  panels.  Appropriately  arran_ged 
conveyors  and  storage  bins  give  suffi¬ 
cient  time  for  the  batch  loading,  cur¬ 
ing  and  unloading  of  the  press.  In  the 
new  Cavalier  plant  all  motor  drives 
for  storage  bin,  metering  conveyor, 
mixer,  surge  bin,  loader  and  leveler, 
and  recirculating  arrangement  for  spil¬ 
lage  and  overfeed  will  be  synchron¬ 
ized  for  control  from  a  central  point. 
The  Chipcorc  manufacturing  opera¬ 
tion  will  be  housed  in  a  new  tw'O- 
story  building.  Storage  is  provided  in 
the  basement,  the  loading,  leveling 
and  pressing  operations  are  on  a  sin¬ 
gle  line  on  the  main  floor,  while  resin 


preparation,  chip  treatment,  metering 
and  mixing  are  on  a  gallery  above  this 
floor.  The  storage  bin  for  rough 
hogged  chips  is  still  above  that.  Once 
the  rough-ground  chips  are  delivered 
to  this  storage  bin,  all  material  flows 
are  thereafter  under  positive  and  vari¬ 
able  speed  control. 

The  capacity  of  the  Chipcore  plant 
will  be  1000  square  feet  of  board 
per  hour.  Sufficient  leftovers  in  block 
form  will  be  available  for  the  produc¬ 
tion  of  all  core  material  used  in  the 
plant’s  own  production  plus  a  quantity 
for  outside  sale.  It  is  estimated  that 
the  incorporation  of  the  Chipcore  op¬ 
eration  will  ultimately  reduce  the  lum¬ 
ber  requirements  of  this  plant  by 
2,000,000  board  feet  per  year — a  very 
substantial  quantity — ^through  the  con¬ 
version  of  block  leftovers,  in  excess  of 
fuel  requirements,  to  a  core  material 
for  use  and  sale. 

Discussion 

U^.  J.  Tom  ford  (James  E.  Stark 
Company,  Memphis,  Tenn.) ;  What 
is  the  primary  hog  and  screen  size 
used. 

Mr,  Miller:  Acceptable  chips  are 
usually  thin  6  and  on  20  mesh. 

Reavis  Sproull  (Herty  Foundation)  : 
What  about  nailability?  How  far 
from  edge  can  you  nail? 

Mr.  Miller:  We  have  no  specific 
date.  Would  estimate  about  V2 
trimmed  edge.  Do  have  screwholding 
data  from  many  tests. 

R.  P.  Burton,  Jr.  (Bruce  Com¬ 
pany)  :  Type  of  material  has  little  to 
do  with  strength. 

Mr.  Miller:  This  refers  to  species. 
Our  tests  show  that  the  determining 
factor  in  strength  is  the  glue  bonds 
rather  than  the  inherent  strength  of 
chips  themselves. 

G.  R.  Twyn/an  (Mississippi  Prod¬ 
ucts)  :  What  is  moisture  content  of 


board  out  of  press  and  should  the 
panels  be  conditioned. 

Mr.  Miller:  Yes.  Strength  increases 
with  age  or  cure.  Chips  of  10% 
maximum  dryness  are  used  as  raw 
material. 

James  R.  Roberts  (Weyerhaeuser 
Timber  Company) :  What  is  tempera¬ 
ture  of  cure? 

Mr.  Miller:  About  300°  F. 

A.  R.  Tegge  (Quartermasters  Con¬ 
tainer  Laboratories,  Chicago,  Ill.) 
What  is  significance  of  extended  resir 
treatment. 

Mr.  Miller:  20%  is  20  lbs.  of  ex 
tended  resin  per  100  lbs.  chips.  Thi^ 
is  7.6%  urea  solids  per  100  pound 
of  furnished  product. 

M.  M.  Yan  (?)  (Abitibi  Power  i- 
Paper  Co.):  Glue  Ixjnd  failure  ma’ 
be  due  to  no  solid  glue  line  contac* 
If  making  same  density  of  board  1 
there  any  preference  between  hard 
wood  and  softwood  chips. 

Mr.  Miller:  Best  is  obtained  surface 
with  softer,  more  compressible  chip- 
such  as  from  many  hardwoods. 

Mr.  Roberts:  How  large  an  opera¬ 
tion  for  economical  operation? 

Mr.  Miller:  We  go  to  as  low  as  5 
tons  per  8-hour  day.  At  five  dollar^ 
per  ton  for  waste,  cost  should  be  $75 
per  M.  sq.  ft.  or  less.  (%"  panels.) 

Richard  L.  Burkhart  (Swain  Indus¬ 
tries)  :  What  is  the  variation  in  den 
sity  across  the  face  of  the  board  and 
does  this  difference  mean  anything. 

Mr.  Miller:  There  will  be  wide 
and  undesirable  variations  in  density 
across  the  face  of  the  board  if  effective 
and  controllable  automatic  means  are 
not  employed  to  lay  down  a  uniform 
mat  of  treated  chips.  We  consider  this 
one  of  the  most  important  elements  of 
a  production  plant  and  have  dev'el- 
oped  special  mechanisms  for  this  uni 
form  loading  and  leveling. 
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Analysis  Technique  for  Hardboard 

Pilot  Plants 

K.  W.  GUENTHER 

Forest  Products  'Industrial  Engineer,  Coos  Bay  Lumber  Company,  Coos  Bay,  Oregon 


Explanation  is  given  for  using  statistical  methods  to  determine 
characteristics  of  hardboards  produced  from  various  formulations 
and  by  alterations  in  the  manufacturing  process.  Technique  facilitates 
experimental  analysis  while  making  use  of  previously  acquired  data. 


To  EVALUATE  ACCURATELY  the  re¬ 
sults  of  hardboard  pilot  plant  ex¬ 
periments  is  often  difficult.  Coupled 
with  this  difficulty  is  the  expense  in 
time  and  money  to  carry  on  effective 
experiments.  A  technique  that  would 
facilitate  experimental  analysis,  yet 
could  utilize  pertinent,  previously  ac¬ 
quired  data  would  prove  valuable. 
This  paper  introduces  an  analysis  tech¬ 
nique  designed  to  serve  this  need. 
Since  this  method  has  proven  appli¬ 
cable  in  one  hardboard  pilot  plant  op¬ 
eration,  it  may  fill  the  needs  of  others. 

There  are  primary  phases  of  manu¬ 
facture  resulting  in  the  production  of 
pilot  plant  boards.  The  pilot  plant 
developing  the  process,  where  this 
analysis  technique  was  used,  had  the 
following  as  primary  phases:  (a) 
Cooking  time  and  pressure  of  wood 
chips,  (b)  Type  of  attrition  plates 
used  to  grind  chips  into  fiber,  (c) 
Type  of  wax  added,  (d)  Amount  of 
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wax  added,  (e)  Type  of  resin  added, 
(f)  Amount  and  dilution  of  resin 
added,  (g)  Moisture  content  of  fibre, 
(h)  Pressing  pressure,  (i)  Pressing 
temperature,  (j)  Any  special  modifi¬ 
cation  at  any  stage  of  the  process. 
While  other  hardboard  processes 
would  have  different  primary  phases, 
the  principles  involved  are  similar. 

To  perform  a  complete  study  of  an 
experimental  board,  physical  tests  must 
be  conducted.  Most  important  of  these 
are  determination  of :  thickness,  weight, 
specific  gravity,  flexural  strength,  wa¬ 
ter  absorption,  and  swelling.  The  test¬ 
ing  laboratory  performs  these  routine 
tests  and  reports  the  results.  The  proc¬ 
ess  and  testing  data  are  then  recorded 
on  a  standard  punch  card  for  future 
reference.  Punch  cards,  being  a  basic 
tool  of  this  analysis  technique,  are  de¬ 
scribed  in  the  following  paragraphs. 

Punch  cards  come  in  a  variety  of 
sizes  and  combinations  of  holes  on  the 
edges.  The  card  used  in  this  applica¬ 
tion  was  5"  X  8",  with  a  total  of  94 
holes  on  the  edges.  Figure  I  is  a  re¬ 
production  of  this  stock  card.  Data  is 
recorded  on  the  card  by  keying  de¬ 


sired  information  into  a  system  of  a 
combination  of  hole  numbers.  In  use, 
the  cards  are  separated  into  cards  hav¬ 
ing  identical  holes  in  a  specific  cate¬ 
gory  punched  and  cards  not  having 
those  holes  punched.  This  separation 
is  made  by  running  a  sorting  needle 
through  the  holes  in  question  and 
lifting  the  cards  up.  The  cards  with 
the  holes  punched  will  drop  out;  those 
cards  remaining  on  the  needle  are  not 
punched.  Thus,  data  on  all  boards 
having  a  particular  characteristic,  or 
set  of  characteristics,  may  be  readily 
compiled  by  study  of  the  separated 
cards. 

The  holes  on  the  periphery  of  the 
card  are  grouped  by  fours.  Each  four 
holes  will  record  up  to  fifteen  num¬ 
bers  when  punched  with  a  special 
hand  punch;  see  Figure  II.  Using 
these  fifteen  numbers,  data  may  be 
directly  keyed,  such  as  punch  one 
equals  1  percent  moisture  content, 
punch  two  equals  2  percent  moisture 
content.  Grouping  of  data  may  be 
necessary  because  of  a  large  number  of 
values  and  a  limited  number  of  avail¬ 
able  holes.  An  example  of  grouping 
would  be,  punch  one  equals  1  percent 
to  5  percent  moisture  content,  punch 
two  equals  6  percent  to  10  percent 
moisture  content. 

Another  type  of  keying  is  non-direct. 
This  is  used  where  the  data  recorded 
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is  not  numerical,  or  is  numerical  but 
complex  in  nature.  Examples  would 
be,  punch  one  equals  resin  A-62381, 
punch  two  equals  resin  A-37805.  In 
addition  to  using  one  group  of  four 
holes  for  recording  up  to  fifteen  num¬ 
bers,  the  group  may  represent  one 
digit  of  a  multiple  digit  number. 
Thus,  to  key  thickness  in  thousands  of 
an  inch  would  require  one  group  of 
four  holes  for  the  tenths  digit,  one 
group  for  the  hundredths  digit,  and 
one  group  for  the  thousands  digit. 
Punching  the  two  holes  in  each  of  the 
three  groups  would  refer  to  0.222 
thousands  of  an  inch  thickness. 

There  are  six  single  holes  located  in 
three  corners  which  may  be  used  for 
simple  keying.  For  example,  punch 
one  equals  "condition  X  exists,”  no 
punch  equals  "condition  X  does  not 
exist.”  Another  advantage  of  the  sin¬ 
gle  holes  is  for  giving  an  additional 


first  digit  in  multiple  digit  numbers 
when  the  additional  number  would 
either  be  punched  or  not  punched.  An 
example  of  such  use  is  specific  gravity 
where  the  value  would  be  1.00,  in 
which  case  the  single  hole  would  be 
punched  to  represent  1;  or  0.99  where 
the  single  hole  would  not  be  punched 
in  order  to  represent  0. 

Because  of  shortage  of  punch-hole 
space,  or  a  desire  to  see  certain  in¬ 
formation  in  print,  data  may  be  writ¬ 
ten  on  the  blank  space  of  the  card. 
For  pilot  plant  boards  it  is  of  advan¬ 
tage  to  have  manufacturing  data  re¬ 
corded  in  the  punch  holes  and  phys¬ 
ical  test  data  written  on  the  card.  This 
permits  a  separation  of  boards  by 
manufacturing  data  and  subsequent 
study  of  written  test  results  for  qual¬ 
ity  control  chart  construction.  Figure 
III  is  a  reproduction  of  a  pilot  plant 
card  ready  for  use. 


The  punch  card  is  an  orderly,  el  i- 
cient  method  of  recording  data,  where¬ 
as  statistical  quality  control  is  an  efft  :- 
tive  technique  for  analysis  of  the  dai  i. 
All  the  steps  required  to  construct  a 
quality  control  chart  for  pilot  pLiat 
use  will  be  given.  This  is  done  to  en¬ 
able  an  experimenter  to  install  the 
system  by  the  use  of  this  paper  alone. 
The  following  are  examples  of  stud  es 
made  through  the  use  of  punch  cards 
and  quality  control. 

A.  Determination  of  the  Expected 
Spread  of  Flexural  Strength  Values 
Under  a  Specific  Set  of  Manufactur¬ 
ing  Conditions.  Punch  cards  from 
the  file  were  sorted  out  that  had  tlie 
same  conditions  of  manufacture  and 
were  of  the  same  specific  gravity  class. 
At  least  ten  boards  (more  than  25 
are  unnecessary)  are  required  to  con¬ 
struct  a  reliable  quality  control  chart. 
From  each  card  two  values  were 
copied.  One  value  was  the  average  or 
mean  (X)  of  the  eight  flexural 
strength  test  results  obtained  from 
each  board.  For  best  results  there 
should  be  at  least  five  test  results  on 
each  board  so  as  to  get  a  representa¬ 
tive  average.  The  other  value  was  the 
range  (R)  or  spread  between  the 
highest  and  lowest  strength  results 
obtained  in  testing  the  board.  The  ten 
X’s  were  averaged  to  give  a  grand 
average  (X).  The  ten  R’s  were  aver¬ 
aged  to  give  an  average  range  (R). 
The  results  of  calculations  may  be 
found  in  Table  I. 

The  next  step  involves  computai  on 
of  upper  and  lower  control  lin  its. 
These  limits  are  the  highest  and  i'  w- 
est  values  of  a  board  average  or  range 
that  would  be  expected  99  percent  of 
the  time  without  a  fundamental  ch.  ige 
in  manufacturing  conditions.  TabI  H 
contains  the  formulas  and  factors  for 
computation  of  control  limits. 

The  computed  control  limits  as  v  ell 
as  the  individual  X  values  are  plotted 
on  Chart  I.  Had  any  X  or  R  values 


Chart  I:  Control  Limits,  X,  and  R  Values  from  Example  A 
Figures  are  In  Flexural  Strength  p«s«l* 


DECEMBER,  1?53 


154 


Table  I — CALCULATIONS  OF  X  AND  R 
FOR  EXAMPLE  A 


I’oard  Average 
F  'xural  Strength 


Board  Spread  in 
Flexural  Strength 


<irand  = 

A  orage  =  5950  ”  X 


Average  _ 

Range- 1725  =  R 


hillen  out  of  control,  that  board  would 
lutve  been  eliminated  from  the  group 
and  the  control  limits  been  recom¬ 
puted.  This  initial  elimination  is 
sometimes  necessary  to  insure  that  the 
values  used  for  the  control  limit  cal¬ 
culation  could  all  have  feasibly  come 
from  the  same  parent  population. 

If  a  large  number  of  boards  (sev¬ 
eral  hundred)  had  been  plotted,  the 
results  would  have  been  similar  to 
Figure  IV.  A  small  number  of  boards 
(over  ten)  will  approximately  locate 
the  upper  and  lower  control  limits 
which  is  close  enough  for  practical 
purposes.  This  approximate  normal 
distribution  is  the  most  common  dis¬ 
tribution  found  in  nature.  Although 
few  if  any  phenomena  exactly  con¬ 
form  to  its  shape,  the  approximation 
thereof  permits  analysis.  Awareness 
of  this  measure  of  a  normal  distribu¬ 
tion  as  shown  in  Figure  IV  is  of 
value  in  setting  realistic  specification 
limits.  One  can  determine  where  the 
major  portion  of  production  will  fall 
and  adjust  specifications  to  be  realistic. 

A  study  of  Chart  I  indicates  what 
grand  averages  and  what  variability 
can  be  expected  from  boards  manufac¬ 
tured  under  these  specific  manufactur¬ 
ing  conditions.  Decisions  as  to  the 
value  of  this  class  of  boards  can  be 


Table  II — FORMULAS  AND  FAaORS  FOR  COMPUTATION  OF  CONTROL  LIMITS 


Number  of  Test  Results  per  Board 


X 

R 

4. 

5920 

2210 

5. 

6190 

1770 

6. 

6550 

2230 

7. 

5820 

1430 

8. 

6170 

1880 

9. 

5930 

1400 

10. 

5940 

1340 

11. 

5790 

1500 

12. 

5420 

1490 

13. 

+  5810 

+2000 

14. 

1 

59.. 540/10- 

17.250/10 

lo. 

Upper  Control  Limit  for  X  =  UCLjj  -X-|-(R)  (A  j) -5950 +(1725)  (37)  =6590 
Lower  Control  Limit  for  X  =  LCLx  “X-f'R)  (A  j) -5950 -(1725)  (37) -5310 
Upper  Control  Limit  for  R  — UCL|^  — Di  R  — 1.86(1725) —3200 
Lower  Control  Limit  for  R  —  LCLjj^ —Dj  R—  .14(1725)—  240 


Factor 

Factor 

Factor 

At 

D, 

D4 

1.88 

0 

3.27 

1.02 

0 

2.57 

.75 

0 

2.28 

.58 

0 

2.11 

.48 

0 

2.00 

.•>2 

.08 

1.92 

.  .37 

.14 

1.86 

.34 

.18 

1.82 

.31 

.22 

1.78 

.29 

.26 

1.74 

.27 

.28 

1.72 

.25 

.31 

1.69 

.24 

.33 

1.67 

.22 

.35 

1.652 

Chart  II;  Control  Limits  from  Example  A;  X  and  R  Values 
from  Example  B.  Figures  are  In  Plexiu'al  Strength  p«s.l« 
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IS 
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and  the  information  recorded  on 


Discussion 


made  now.  Should-  future  boards  of 
the  same  class  being  plotted  on  this 
chart  fall  out  of  control,  it  would  be 
an  indication  that  some  unexpected 
change  in  manufacture  had  occurred. 
Investigation  should  take  place  to  de¬ 
termine  what  manufacturing  condi¬ 
tion  changed.  Quality  control  charts 
show  when  something  occurs  that  is 
unexpected,  based  on  previously  ex¬ 
pected  performance.  In  this  respect 
quality  control  assists  in  dynamic  pro¬ 
duction  control. 

B.  Comparison  of  Boards  Manu¬ 
factured  Under  Conditions  as  in  Ex¬ 
ample  A  and  Boards  Having  a  Slight 
Variation  from  Those  Manufactur¬ 
ing  Conditions.  It  was  decided  to 
in\  stigate  the  value  of  increasing  the 
dilation  of  resin  added  to  the  board 
b\  increasing  the  amount  of  water, 
bir  adding  the  same  amount  of  resin 
so!  Is.  A  series  of  boards  was  pro- 
du  d  under  these  conditions,  tested. 


punch  cards.  The  punch  cards  were 
sorted  to  find  boards  having  the  same 
manufacturing  conditions  and  specific 
gravity  class  as  the  boards  in  Example 
A,  but  with  the  increased  dilution  of 
resin.  The  X  and  R  values  were  then 
plotted  on  Chart  II  with  the  control 
limits  from  Chart  I.  A  study  of  Chart  II 
shows  an  increase  in  flexural  strength 
due  to  the  increased  resin  dilution. 

All  the  X  values  fall  above  X  as  well 
as  three  out  of  control  points  above 
the  upper  control  limit.  This  indicates 
a  definite  improvement  in  board 
strength.  New  control  limits  could  be 
calculated  for  this  new  group  of 
boards  b  vause  of  the  promise  shown 
by  this  experiment. 

Other  physical  properties  of  pilot 
plant  boards  may  be  similarly  analyzed 
by  this  technique,  thereby  giving  re¬ 
liable  and  systematic  information  on 
which  to  base  decisions. 


V.  H.  Clausen,  Jr.  (California  Red¬ 
wood  Association) ;  Do  you  have 
template  to  simplify  punching  of 
cards  ? 

Afr.  Guenther:  The  key  is  easily  re¬ 
membered  or  looked  up,  templates  be¬ 
ing  of  limited  use. 

Irving  Isenberg  (Institute  of  Paper 
Chemistry)  :  How  many  factors  can  be 
sorted  for  simultaneously  with  hand 
sorting  method.^ 

Air,  Guenther:  Best  to  sort  one  at 
a  time.  Have  seen  a  false-bottom  box 
with  folding  sides  which  permit  in¬ 
serting  a  number  of  sorting  needles, 
hence  sorting  for  several  factors  at 
once  is  possible. 

M.  M.  Yan  (Abitibi  Power  & 
Paper  Company) :  Do  you  record 
routine  tests  each  day?  What  do  you 
do  when  card  is  used  up? 

Mr.  Guenther:  Recording  is  done 
as  soon  as  possible,  generally  the 
same  day. 
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Designing  Gutterheads  for 
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Yates-American  Machinery  Co.,  Beloit,  Wis. 


In  ordering  a  new  cutterhead,  the  manufacturer  should  supply 
the  designer  with  as  complete  information  as  possible,  including 
cutting  circle,  best  finish  to  be  machined,  horsepower  requirements 
of  the  machine,  the  type  of  material  to  be  cut,  and  other  physical 
specifications  of  the  machine. 

Problems  inherent  in  standardizing  spindles  and  cutting  circles, 
and  how  cutterhead  design  is  affected  by  other  machining  factors, 
is  also  discussed. 


Before  discussing  the  design  of 
cutterheads,  we  should  first  re¬ 
view  the  machinery  on  which  cutter- 
heads  are  used.  It  has  been  said  that  a 
machine  can  do  no  better  work  than 
the  cutterheads  it  uses.  On  the  other 
hand,  cutterheads  cannot  be  expected 
to  make  up  for  a  poor  machine.  Fre¬ 
quently,  when  a  manufacturer  is  called 
upon  to  supply  a  set  of  cutterheads  to 
machine  an  intricate  pattern,  further 
investigation  shows  that  the  cutter¬ 
heads  are  to  be  used  on  a  machine 
that  is  not  qualified  to  do  the  work 
planned.  During  the  war  many  small 
woodworking  concerns,  anxious  to  re¬ 
ceive  woodworking  contracts,  re-acti¬ 
vated  an  old  machine  and  then  ex¬ 
pected  the  products  of  the  cutterhead 
and  knife  manufacturer  to  produce  a 
product  that  would  meet  exacting  gov¬ 
ernment  specifications. 

When  the  designer  requested  infor¬ 
mation  as  to  the  condition  of  the 
machine  for  which  he  was  to  supply 
cutterheads,  the  owner  usually  reported 
that  the  machine  had  been  doing  fine 
work.  This  work  may  have  been  four¬ 
square  work  or  a  very  simple  pattern 
that  did  not  require  the  exacting  tol¬ 
erances  of  the  product  he  now  pro¬ 
posed  to  make.  As  an  example,  one 
company  had  a  machine  doing  fairly 
good  work  in  four-squaring  and  mak¬ 
ing  certain  mouldings  requiring  only 
one  cutterhead;  but  when  they  tried  to 
manufacture  tent  poles,  they  found 
that  end  play,  when  using  four  spin- 
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dies,  did  not  permit  production  of  a 
perfect  octagon. 

For  the  purpose  of  this  paper  it 
will  be  assumed  that  the  machine  it¬ 
self  is  in  reasonably  good  condition, 
and  is  equipped  with  enough  power 
to  do  the  work  proposed. 

Adequate  power  is  an  important 
feature  in  the  design  of  modern  cut¬ 
ting  equipment.  A  West  Coast  mill 
at  one  time  ordered  a  pair  of  cutter¬ 
heads  to  work  on  the  profile  spindle 
of  a  matcher  to  split  a  2  x  12  into 
three  2  x  4s.  Although  the  cutter¬ 
heads  cut  only  a  in.  kerf,  actual 
horsepower  consumption  tests  showed 
that  they  consumed  14  HP  when  cut¬ 
ting  at  the  feed  rate  expected.  This 
meant  that  the  lower  profile  spindle 
of  the  matcher  had  to  be  equipped 
with  enough  power  to  satisfactorily 
do  this  job. 

It  may  seem  strange  that  a  machine 
supposedly  having  enough  power  to 
cut  many  of  the  West  Coast  paneling 
patterns  would  be  inadequate  for  such 
a  simple  operation  as  splitting  a  2  x  12 
into  three  2  x  4s,  but  observation 
showed  these  two  cutters  were  revolv¬ 
ing  through  a  cutting  arc  large  enough 
to  split  through  2  in.  dimension  stock. 
It  is  surprising  how  much  power  is 
required  to  perform  an  apparently 
easy  operation. 

The  Correct  Machine  for  the  Job 

Frequently,  a  mill  temporarily  sub¬ 
stitutes  a  moulder  for  a  matcher. 
Although  it  may  appear  to  work  in 
like  manner  a  moulder  should  not  be 
expected  to  do  the  work  of  a  matcher. 
Although  there  are  some  examples  of 
successful  substitution  of  machinery. 


we  can  still  be  firm  in  saying  tint 
moulders  and  matchers  are  not  int(  r- 
changeable  any  more  than  are  shap<  rs 
and  tenoners. 

A  few  years  ago,  in  following  up  a 
complaint  regarding  a  small  mould  r, 
originally  designed  for  furniture  pa  ts 
manufacture,  an  extreme  case  of  m  s- 
use  was  encountered.  The  mill  hid 
been  using  this  small  moulder  for  t  ie 
manufacture  of  2  x  4s  from  fir  at  tne 
rate  of  280  ft.  per  minute!  No  won¬ 
der  the  machine  was  giving  trouble ! 
The  most  amazing  thing  was  that  it 
held  together  under  such  a  strenuous 
burden. 

Standardization  of  Spindles 

Not  too  many  years  ago  each  wood¬ 
working  machinery  manufacturer  had 
his  own  conception  as  to  what  should 
be  standard  spindle  diameter.  The  lut- 
terhead  manufacturer,  consequently, 
could  not  concentrate  on  engineering 
any  particular  sizes  of  cutterheads. 
First  came  standardization  of  sidehcad 
spindles  at  li|  in.  diamter.  Today 
there  are  only  a  few  special  or  sm.tll- 
sized  machines  on  the  market  that  do 
not  meet  this  standard.  Top  and  bot¬ 
tom  spindles  were  standardized  a  sliort 
time  later  at  2l/^  in.  or  2/jj  in.  diam¬ 
eter.  Further  action  is  needed  to  aci  cpt 
one  or  the  other  as  a  final  standard. 

There  is  very  little  difference  in 
strength  between  the  2l/g  in.  diameter 
and  the  2/^5  in.  diameter,  but  mac'dn- 
ery  manufacturers  anxious  to  s;  rve 
their  customers,  will  still  provic^  a 
machine  to  fit  whatever  cutterhea  ds  a 
customer  has  in  his  tool  room.  W  en- 
ever  a  new  cutterhead  is  designed  for 
top  or  bottom  spindle  work,  the  ut- 
terhead  designer  has  to  consider  wo 
different  size  spindles  as  stancurd 
This  creates  a  hardship  in  design  ind 
a  tremendous  burden  in  attemptif' ;  to 
provide  cutterheads  for  immed  ate 
shipment  from  stock.  Most  cc  ter- 
heads  can  be  re-equipped  with  skives 
or  self-centering  devices  so  that  hey 
can  be  reduced  to  2l/g  in.  bore.  It  is 
thus  evident  that  2Yg  in.  diameter  top 
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.:nd  bottom  spindles  could  become 
standard  if  machinery  manufacturers 
^'  Cre  to  insist  upon  it  being  standard, 

.  id  if  the  machinery  buyers  would 
..  tree  to  make  the  slight  changes  in 
liieir  present  stock  of  cutterheads  nec- 
.  sary  to  conform  to  such  a  standard. 

Cutting  Circle  Diameters 

Cutting  circle  diameters  are  also  in 
p  .ed  of  standardization.  Although  the 
1  umber  of  different  cutting  circle  di- 
..nieters  has  been  reduced,  machines 
are  still  being  built  today  that  require 
cutting  circles  of  many  different  “non- 
standard”  sizes,  largely  because  the 
customer  demands  a  machine  that  will 
use  the  cutters  that  he  has  on  hand. 

It  would  be  difficult  to  discuss  cut- 
tarheads  that  are  not  standard  in  size. 
The  cutterhead  manufacturer  gives 
most  of  his  attention  to  cutting  circles 
of  the  more  standard  sizes.  A  designer 
recently  was  asked  by  his  company  to 
try  to  design  a  cutterhead  that  would 
carry  eight  milled-to-pattern  bits  in  a 
cutting  circle  of  6I/2  in.  diameter,  one 
of  the  standards.  It  was  possible  to 
create  a  very  sound  and  correct  design 
for  eight  milled-to-pattern  bits  in  a  7 
in.  cutting  circle;  but  impossible  to 
incorporate  the  same  design  in  a  6I/2 
in.  cutting  circle.  Cutting  circle  limita¬ 
tions  ruled  out  an  otherwise  good 
design. 

There  are  many  arguments  as  to 
whether  a  large  or  small  cutting  cir¬ 
cle  is  more  advantageous.  The  major¬ 
ity  of  fine  work  being  done  today  is 
produced  on  machines  operating  with 
large  cutting  circles,  not  only  because 
of  the  greater  cutting  arc,  but  primarily 
because  the  designer  is  able  to  design 
a  better  cutterhead  when  not  subjected 
to  the  limitations  of  small  size.  Small 
size  cutterheads  necessarily  mean  nar¬ 
rower  knives  or  shorter  bits.  This  in 
turn  means  less  life  from  the  actual 
cutting  tool,  and  results  in  higher  up¬ 
keep  costs  for  the  cutterhead. 

Safety  Factor  in  Designing  a 
Cutterhead 

Although  production  is  important, 
we  must  not  overlook  "Safety”.  Take 
the  common,  round  cutterhead  as  an 
example.  For  many  years,  surfacing 
work  was  accomplished  by  a  square 
head  carrying  four  knives.  At  the 
turn  of  the  century  the  round  cutter¬ 
head  became  increasingly  popular  and 
totiay  it  has  nearly  replaced  the  square 
aitterhead  in  many  applications.  The 
de.'ign  of  a  round  cutterhead  incorpo¬ 
rates  a  cylindrical  piece  of  steel  that 
is  lotted  to  receive  a  certain  number 
of  'hin,  high-speed  steel  knives.  These 
kr  ves  must  be  held  by  some  knife 
hr  ling  device  or  gib,  which  must  be 
pr  hed  up  against  the  knife  by  some 


type  of  screw.  If  we  were  concerned 
only  with  four  knives  in  a  cutterhead 
of  a  standard  diameter,  we  could  use 
the  maximum  width  of  knife,  the  max¬ 
imum  safety  factor,  and  produce  an 
excellent  design. 

With  stronger  machines  and  more 
power,  more  feet  per  minute  of  mate¬ 
rial  can  be  produced.  It  is  obvious  that 
the  cutterhead  must  be  equipped  with 
enough  knives  to  give  an  acceptable 
surface.  Suppose  that  a  machine  is 
equipped  with  spindles  turning  at 
3450  RPM  and  has  a  feed  works 
capable  of  producing  a  300  ft.  per 
minute  rate.  In  an  effort  to  obtain 
acceptable  material  from  this  machine, 
a  10-knife  cutterhead  would  produce 
a  finish  giving  only  9.6  knife  marks 
per  inch. 

Consider  the  cutterhead.  As  ex¬ 
plained  above,  a  round  cutterhead 
would  have  to  be  designed  and  so 
machined  that  it  would  accept  10 
knives.  The  sections  of  cutterhead  body 
between  the  back  of  one  knife  and 
the  front  of  the  next  gib  slot  would 
be  very  small.  This  design  would  defi¬ 
nitely  not  be  safe  even  if  maximum 
production  were  obtained. 

If  the  machine  were  requipped  with 
a  frequency  changer  or  a  variable 
speed  spindle  of  some  type,  4200 
RPM  could  be  used  to  produce  nearly 
the  same  results  with  an  8-knife  cut¬ 
terhead,  which  in  a  7  in.  cutting  circle, 
would  be  a  good  design.  It  might  be 
well  here  to  repeat  the  formula; 

“Knife  marks  per  inch  are  equal  to 
the  revolutions  per  minute  of  the 
cutterhead  times  the  number  of 
knives  divided  by  the  feed  rate  in 
ft.  per  minute  times  12.” 

The  Right  Cutterhead  for  the  Job 

Although  there  is  no  definite  agree¬ 
ment  on  the  correct  cutting  angles  for 
the  various  species  of  work,  it  is  an 
assumed  fact  that  the  harder  woods  re¬ 
quire  a  lesser  cutting  angle,  and  the 
softer  woods  a  greater  cutting  angle. 
Many  times  a  manufacturer  who  has 
his  mill  equipped  for  softwoods,  and 
his  cutting  equipment  designed  for 
such  wood,  will  attempt  to  machine  a 
quantity  of  hardwood  on  the  same 
equipment,  resulting  in  a  very  poor 
grade  of  work. 

With  straight  knife  work,  he  can 
back  bevel  his  knives  to  reduce  the 
cutting  angle  and  get  by.  It  is,  how¬ 
ever,  quite  difficult  to  increase  the  cut¬ 
ting  angle  to  cut  woods  of  a  less  dense 
species.  This  factor  helped  to  make 
obsolete  the  square  cutterhead,  since 
it  was  so  designed  that  the  cutting 
angle  formed  by  using  a  hand  ground 
knife  on  a  cutterhead  was  40  degrees 
or  greater — too  great  for  either  the 
hardwood  or  the  softwood. 


Round  Cutterheads 

Round  cutterheads  are  nearly  always 
used  to  machine  flat  surfaces.  These 
cutterheads  are  designed  from  a  3  in. 
diameter  cutting  circle,  having  four 
high  speed  steel  thin  knives,  to  a  cut¬ 
ting  circle  as  high  as  10  in.  having  as 
many  as  16  knives.  One  head  of  this 
design  has  a  straight  bore  and  is  held 
on  the  spindle  by  clamping  collars  or 
a  set  screw  through  the  Iwdy  of  the 
cutterhead. 

Another  design  is  the  journal  type 
of  cylinder  as  used  in  planers  and 
matchers.  These  cutterheads  range 
from  cutting  circles  as  low  as  3  in.  in 
diameter  containing  as  many  as  16 
knives.  The  cylinder  heads  are  all 
similarly  constructed.  Bearings  are  fit¬ 
ted  to  the  journals  to  assure  true  run¬ 
ning.  Ihe  journal  type  head,  as  used 
in  planing  machines,  is  designed  to 
hold  the  knife  at  a  specified  angle. 
The  cutting  angle  is  thereby  fixed,  and 
can  be  reduced  only  by  back  beveling 
the  face  of  the  knife. 

The  third  type  of  round  cutterhead 
is  designed  with  a  self-centering  sleeve 
or  self-centering  device.  This  type  can 
be  taken  off  the  spindles  easily  for 
interchanging  with  other  type  cutter¬ 
heads.  Demountable  type  cutterheads 
with  various  cutting  angles  can  be 
used  interchangeably  on  the  same  ma¬ 
chine,  thus  making  it  possible  to  ma¬ 
chine  either  hardwood  or  softwood. 

Designing  the  Round  Cutterhead 

In  designing  a  round  cutterhead  to 
fit  the  job,  we  should  have  before  us 
such  facts  as  the  cutting  circle  re¬ 
quired,  the  best  finish  to  be  machined, 
the  horsepower  qualifications  of  the 
machine,  the  type  of  material  to  be 
cut,  and  the  other  physical  specifica¬ 
tions  of  a  machine.  We  first  calculate 
the  number  of  knives  required  for 
maximum  production,  always  bearing 
in  mind  the  safety  factor.  In  many  in¬ 
stances,  the  demands  on  a  cutterhead 
are  so  great  that  it  is  necessary  to 
review  the  qualifications  and  require¬ 
ments  with  the  customer.  Required 
production  may  be  obtained  by  in¬ 
creasing  the  spindle  speed,  using  a 
rougher  finish,  or  slowing  down  the 
feed  rate.  After  the  method  has  been 
agreed  on,  greatest  possible  knife 
width  is  calculated,  since  cutterheads 
are  designed  to  use  the  maximum 
width  knife.  Usually  the  cutterhead 
manufacturer  tries  to  design  the  knife 
holding  gibs  so  that  he  may  provide 
a  stock  of  these  parts.  Since  most  cut¬ 
terhead  manufacturers  are  using  a  gib 
quite  similar  in  design,  this  can  be 
accomplished  by  having  one  large  and 
one  small  size.  In  the  past,  the  knife 
holding  gib  was  not  designed  to  pro¬ 
vide  for  a  wide  variety  of  knives. 
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Milled  to  Pattern  Bit  Heads 

A  basic  advancement  in  the  design 
of  cutterheads  was  the  invention  of  a 
cutterhead  using  milled-to-pattern  bits. 
Although  improved  design-wise,  these 
cutterheads  still  embody  the  same  fea¬ 
tures.  The  pattern  is  machined  into 
the  face  bit,  assuring  maintenance  of 
accurate  pattern.  The  operator  need 
only  sharpen  the  face  of  the  bits  to 
continue  the  accurate  pattern.  These 
cutterheads  for  the  most  part  can  be 
categorized  as  follows: 

1.  Circular  type  bit  head. 

2.  Dovetail  type  bit  head. 

3.  Overclamp  type  bit  head. 

4.  Vise-Grip  type  bit  head. 

5.  Periphery  milled  type  bit  head. 

6.  Bolt-on  type  bit  head. 

Although  the  function  of  these 
milled-to-pattern  bit  cutterheads  is 
nearly  the  same,  there  is  a  consider¬ 
able  difference  in  their  design.  The 
circular  bit  type  head  has  been  in  use 
for  many  years.  It  is  composed  of  a 
disc  or  discs  that  fit  on  a  common  hub 
and  are  bored  to  carry  a  series  of  cir¬ 
cular  tool  steel  bits.  The  pattern  is 
machined  into  the  periphery  of  these 
bits,  which  are  aligned  to  operate  in  a 
common  cutting  circle,  so  that  each 
does  its  share  of  cutting  the  pattern. 

The  dovetail  type  consists  of  a  solid 
body  of  steel,  either  applied  to  a  hub 
or  including  a  hub.  The  body  is  so 
machined  as  to  be  fitted  with  milled 
bits  having  a  serrated  surface  on  the 
bottom.  This  surface  will  mesh  with 
the  surface  on  the  periphery  of  the 
cutterhead.  The  bits  are  held  in  place 
by  clamps  applied  on  each  side  of  the 
cutterhead.  The  clamps  incorporate  an 
angular  jaw  device  that  tends  to  grip 
the  two  sides  of  the  bit  and  force  it 
down  firmly  to  the  cutterhead  periph¬ 
ery.  There  are  various  styles  of  clamps 
for  this  application,  but  in  principle 
they  are  practically  alike.  Because  of 
the  necessary  space  required  for  the 
clamping  devices,  the  number  of  bits 
that  can  be  applied  to  a  cutting  circle 
is  restricted.  To  add  more  knives  in 
this  cutting  circle,  the  length  of  the 
bits  would  have  to  be  reduced.  In 
this  type  head,  the  designs  vary  from 
4  milled-to-pattern  bits  in  a  4  in.  cut¬ 
ting  circle,  to  10  milled  to  pattern  bits 
in  an  8  in.  cutting  circle. 

A  common  style  of  cutterhead 
known  as  the  overclamp  type,  is  prac¬ 
tically  the  same  as  the  dovetail  type, 
except  that  the  clamps  are  designed 
to  clamp  over  the  top  of  the  entire 
bit  rather  than  the  portion  of  the  bit 
known  as  the  dovetail. 

The  vise  grip  type  embodies  the 
same  features  as  the  dovetail  type, 
except  that  the  bottom  of  the  milled- 


to-pattern  bit  is  not  serrated,  and  the 
clamping  members  consist  of  two 
flanges  machined  to  form  angular 
clamps,  one  of  them  a  part  of  the  hub, 
and  the  other  one  a  free  flange.  The 
loose  flange  is  drawn  to  the  solid 
flange  by  bolts.  This  is  a  very  simple 
type  of  head  and  in  many  instances 
provides  a  very  safe  and  sure  opera¬ 
tion.  It  is  dangerous  to  use  the  vise- 
grip  head  if  the  dovetail  slots  have 
been  damaged.  The  vise  grip  cutter¬ 
head  is  not  laterally  adjustable. 

<  The  periphery  milled,  sometimes 
called  the  L-Type,  cutterhead  is  de¬ 
signed  with  a  solid  body  with  slots 
milled  into  the  head  body.  One  side 
of  the  slot  is  serrated.  A  bit,  similar  to 
the  regular  milled-to-pattern  bit,  has 
a  protrusion  which  fits  down  into  the 
slot.  It  is  held  by  a  series  of  set  screws 
forcing  the  protrusion  of  the  bit  to 
mesh  with  the  serrations. 

The  bolt-on  type,  which  is  similar 
to  a  square  head,  is  provided  with  a 
milled-to-pattern  bit,  either  drilled  or 
slotted,  so  that  a  bolt  can  be  utilized 
in  clamping  the  bit  down  to  the  ser¬ 
rated  surfaces  of  the  cutterhead. 
Although  it  is  sometimes  possible  to 
apply  this  type  of  bit  to  a  square  head, 
this  is  not  practical,  since  the  cutting 
angle  must  necessarily  be  quite  mini¬ 
mum  in  order  to  apply  this  type  of 
cutterhead. 

Each  of  these  cutterheads  has  desir¬ 
able  features.  The  choice  of  cutterhead 
should  be  guided  by  its  actual  applica¬ 
tion  and  reputation.  Cutterheads  can 
be  designed  for  maximum  production 
only  after  taking  into  consideration  all 
the  facts  surrounding  the  job  and  the 
machine.  Although  production  might 
be  increased  by  having  cutterheads 
with  more  knives  or  bits,  safety  must 
be  considered.  If  more  bits  are  used 
in  the  cutting  circle  of  a  machine,  less 
life  will  be  obtained  from  each  bit. 
Many  of  the  West  Coast  mills  cut 
their  patterns  using  round  heads  with 
many  hand  ground  knives,  principally 
to  get  the  multiple  knife  work  neces¬ 
sary  to  increase  production. 

Square  Cutterhead 

The  square  cutterhead  is  practical 
for  small  short  run  patterns  but  has 
proven  itself  impractical  from  the 
standpoint  of  versatility  and  safety. 
Maximum  production  must  be  gained 
from  four  knives  when  using  a  square 
head,  since  four  knives  are  the  most 
that  can  be  applied.  There  have  been 
a  few  cutterheads  designed  that  have 
been  known  as  a  6-wing  square  cut¬ 
terhead,  resembling  a  star  in  appear¬ 
ance.  These  have  worked  out  success¬ 
fully,  but  because  of  the  design  the 
width  of  the  knife  was  too  restricted 
to  prove  practical  in  its  operation. 


When  Can  We  Use  Tungsten 

Carbide  Tipped  Cutterheads? 

Tungsten  carbide  tipping  can  pro¬ 
vide  an  answer  to  many  of  our  prob¬ 
lems,  including  long  wearing  cutting 
edges.  A  few  years  ago  it  could  be 
said  that  tungsten  carbide  was  not 
practical  in  cutterheads  because  it 
could  not  be  jointed,  and  it  could  not 
be  applied  to  all  patterns.  At  the  pre  s¬ 
ent  time  it  can  be  reported  that  tung¬ 
sten  carbide  tipped  cutters,  both 
straight  and  with  patterns,  can  be  suc¬ 
cessfully  jointed.  All  patterns  ha  e 
not  been  tried  as  yet,  but  the  cutter¬ 
head  designers  are  very  pleased  wi'h 
the  progress  made  thus  far  in  the  a.)- 
plication  of  tungsten  carbide  tipp  d 
cutterheads.  Cooperation  between  u  .r 
and  supplier  is  needed  to  speed  up  t  ie 
application  of  tungsten  carbide  in  ci  t- 
terheads.  When  tungsten  carbide  is 
applied,  the  need  of  longer  bits  v  11 
be  minimized  and  this  in  turn  v  11 
permit  more  bits  or  knives  in  the  cut¬ 
ting  circle.  This  will  mean  higher  pro¬ 
duction. 

Cooperation  between  the  users  aod 
the  manufacturers  of  cutterheads  ar.d 
knives  can  definitely  result  in  increas  d 
production  and  lower  costs. 

Discussion 

S.  R.  Miller,  Jr.  (E.  L.  Bruce  Com¬ 
pany)  :  How  does  rate  of  feed  effect 
the  work  done  by  a  sidehead,  specif¬ 
ically  with  respect  to  torn  grain  caused 
by  movement  of  stack? 

Mr.  Chekouras:  The  rate  of  feed  is 
regulated  to  produce  the  finish  de¬ 
sired.  Suggest  you  refer  to  Patronsky’s 
recent  paper  on  "knife  cutting  prob¬ 
lems”  which  includes  several  formulas 
on  the  problem.  (Journal  of  FPRS — 
June  1953) 

Mr.  Miller:  When  using  milled-to- 
pattern  sidehead  bits,  it  is  impossible 
to  change  the  cutting  angle  of  those 
bits  without  changing  the  pattern,  yet 
we  have  found  that  the  cutting  angle 
is  wrong  if  we  increase  the  feed  rate 
appreciably.  Since  no  change  in  fhe 
bits  is  desired  because  of  a  large  in¬ 
ventory  of  the  present  ones,  would  in¬ 
creasing  spindle  spread  help  the  same 
cutterhead  and  same  bits  to  do  br  ter 
work  at  high  feed  rates? 

Mr.  Chekouras:  Yes,  increasing  of 
spread  would  decrease  size  of  chip 

W.  J.  Tomford  (James  E.  Slark 
Company) :  Can  you  predeterr  jne 
horsepower  requirements  for  cui'cr- 
head  operation  or  is  it  a  trial  and  c  'or 
method  ? 

Mr.  Chekouras:  (Chekouras  j  re¬ 
sented  a  formula  here  which  the 
recorder  was  unable  to  follow) 
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Paper  describes  proper  application  of  tungsten  carbide  tools  in 
the  woodworking  indust^ry  to  increase  production  and  profits  per 
man  hour  of  labor  and  per  unit  of  machines. 


How  MANY  ARE  AWARE  o£  what 
is  going  on  in  the  light  metals 
industry?  Mr.  Sterling  Durst,  in  his 
paper  presented  in  the  Virginia  Caro- 
linas  Section  Meeting  of  the  Forest 
Products  Research  Society,  Roanoke, 
Virginia,  November  3,  1950,  spoke 
of  the  woodworking  industry  being 
inclined  to  scoff  at  the  technical  or 
scientific  approach  to  any  problem.  If 
you  could  visit  some  or  the  new 
multimillion  dollar  plants  that  are 
now  ready  to  spring  into  production 
on  aluminum  components  and  furni¬ 
ture  and  see  the  religious  respect  they 
have  for  technical  and  scientific  analy¬ 
sis  of  production  problems,  the  word 
research  would  take  on  a  new  mean¬ 
ing  for  you. 

The  object  of  this  paper  is  to  dis¬ 
cuss  the  higher  production  rate  made 
possible  by  the  use  of  tungsten  car¬ 
bides.  Such  discussion  should  bring 
about  a  mutual  understanding  and  a 
more  equitable  sharing  of  responsi¬ 
bility  for  development  and  progress 
in  this  field. 

While  this  paper  deals  with  higher 
arbor  speeds  in  the  utilization  of 
tungsten  carbides,  it  is  recognized  that 
there  are  abrasive  types  of  materials 
where  cutter  arbor  speeds  have  to  be 
reduced  to  secure  economic  operation 
in  terms  of  tool  maintenance  costs 
and  elimination  of  excessive  machine 
down  time. 

It  is  hoped  that  this  paper  will  be 
accepted  in  the  spirit  of  seeking 
highly  efficient  tooling  under  exacting 
production  conditions.  The  industrial 
plant  may  be  considered  as  a  distinct 
ci'tity  where  highly  specialized  engi¬ 
neering  and  attendant  profit  more 
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than  justify  the  endeavor.  This  is  not 
meant  as  a  criticism  of  that  segment 
of  the  saw  or  tool  industry  that  makes 
certain  standard  or  stock  models  that 
are  available  off  the  shelf.  They  have 
their  place  and  individual  experiences 
are  the  best  measure  of  their  worth 
in  the  industrial  plant. 

Can  you  remember  when  all  the 
woodworking  trade  journals  were 
carrying  advertising  on  carbide  tipped 
saws  that  started  off  with  the  state¬ 
ment,  "Jone’s  Carbide  Saws  will  last 
fifty  to  a  hundred  times  longer”  ?  One 
of  these  advertisers  sent  me  a  circular 
letter  with  some  hay  in  it  telling  me  I 
should  make  some  hay  while  the  sun 
was  shining,  and  set  forth  the  profit 
to  be  made  by  selling  their  saws. 

Where  are  all  those  fellows  now — 
just  two  years  later?  Has  the  sun 
quit  shining  for  some  people?  Did 
tungsten  carbide  fail?  Did  some  peo¬ 
ple  fail  to  recognize  that  in  the  full 
utilization  of  this  new  cutting  agent, 
more  w'as  involved  than  the  mere 
manufacture  of  a  new  kind  of  edge 
tool? 

The  essential  requisites  to  a  thor¬ 
oughly  satisfactory  and  economic  tung¬ 
sten  carbide  tool  operation  are  these: 

1.  A  thorough  knowledge  of  the 
machinery  on  which  they  are 
used. 

2.  Familiarity  with  materials  being 
cut  or  machined. 

3.  Ability  to  design  and  produce 

edge  tools  having  proper  engi¬ 

neering  qualities  for  the  job. 

4.  Proper  application. 

5.  Proper  operation. 

6.  Competent  skilled  maintenance 
of  the  tools. 

Omission  of  any  of  these  essentials 
in  setting  up  a  carbide  tool  operation 
is  likely  to  result  in  failure. 


Should  some  of  these  essential 
ingredients  be  furnished  by  the  seller 
of  the  tool  and  some  by  the  user  of 
them?  There  is  a  definite  responsi¬ 
bility  to  be  assumed  if  success  is  to  be 
achieved.  As  between  the  user  and 
producer  of  the  tool,  which  is  more 
competent  to  assume  the  responsibility 
for  careful  analysis  of  an  operation 
and  engineering  the  setup?  Can  we 
escape  the  proposition  that  the  prod¬ 
uct  must  bear  all  the  cost  of  develop¬ 
ing  peak  efficiency  in  machining 
operations?  Is  it  realistic  or  practical 
to  include  the  cost  of  all  six  of  these 
essential  ingredients,  necessary  for 
successful  operation,  in  the  sale  price 
of  edge  tools?  Does  the  user  look  to 
the  supplier  of  the  tools  for  engineer¬ 
ing  help  in  addition  to  furnishing  the 
tool  itself?  Is  the  sun  likely  to  keep 
shining  for  the  fellow  who  fails  to 
get  enough  of  the  profits  from  the 
operation  to  cover  his  cost  plus  a 
legitimate  profit?  Can  the  cost  of  the 
above  six  essential  ingredients  be  in¬ 
cluded  in  the  outright  sales  price  of 
a  saw  or  edge  tool  and  the  producer 
of  the  tools  get  enough  orders  to  stay 
in  business?  Who  does  the  user  look 
to  for  help  when  the  saw  or  cutter 
does  not  work  right? 

It  is  humbly  submitted  that  it  be¬ 
hooves  the  wood  industry  to  protect 
itself  by  answering  these  questions. 

We  in  the  woodworking  industry 
need  the  help  that  tungsten  carbide 
can  provide.  We  need  it  most  for 
what  it  can  do  in  terms  of  greater 
production  for  the  man-hour  of  labor. 

All  this  talk  about  carbide  tools 
lasting  fifty  to  a  hundred  times  longer 
has  lead  us  off  into  a  detour.  We  have 
been  blinded  to  carbide’s  real  value. 
Even  if  tvmgsten  carbide  lasted  only 
five  or  ten  times  longer  than  steel 
edged  tools,  it  still  has  a  quality  that 
may  be  utilized  to  lower  labor  cost 
per  unit  of  production  to  a  point 
where  there  is  no  choice  left  as  to  its 
use.  Whether  it  be  sawing,  planing, 
moulding  or  shaping,  tungsten  car¬ 
bide  will  retain  a  cutting  edge  at 


JOURNAL  of  FPRS 


159 


tooth  speeds  and  work  feed  rates  that 
have  only  been  dreamed  of  by  the 
woodworking  industry  as  a  whole. 
This  can  be  achieved  without  any 
sacrifice  in  quality  or  precision.  To 
the  contrary,  far  better  quality  and 
uniformity  become  the  commonplace. 
Who  would  be  concerned  if  carbide 
tools  had  to  be  changed  once  a  week 
instead  of  once  a  month  if  the  same 
production  line,  the  same  capital  in¬ 
vestment,  the  same  man  hours  of  labor 
would  produce  25  or  50%  more 
goods?  Would  the  plant  owner  worry 
about  whether  the  carbide  tool  would 
last  fifty  to  a  hundred  times  longer? 

Specifically,  what  are  the  prime 
requirements  to  bring  about  this  tran¬ 
sition.  Must  all  of  our  present  ma¬ 
chinery  be  junked?  It  does  not.  Many 
machinery  manufacturers  are  not  only 
willing  but  prepared  to  furnish  their 
regular  machines  with  higher  speed 
saw  and  cutter  arbors  and  higher  feed 
rates.  In  many  cases,  they  can  furnish 
these  new  arbors  and  feed  drives  to 
modify  your  present  machines.  How¬ 
ever,  they  do  not  take  the  initiative  in 
this  change  as  they  feel  the  desire  for 
it  must  originate  with  the  user  and 
for  very  good  reason. 

Can  the  machine  tool  builder  bring 
about  this  improvement  by  himself? 
Can  the  edge  tool  manufacturer  do  it 
alone?  Can  the  woodworking  industry 
accomplish  this  development  inde¬ 
pendently  of  the  first  two  groups  ? 
Obviously,  the  very  substantial  reward 
inherent  in  this  transition  will  accrue 
to  the  woodworking  industry.  Some 
of  it  will  go  to  the  machine  builders, 
and  some  to  the  manufacturer  of  edge 
tools.  Therefore,  it  is  not  illogical  to 
reason  that  woodworking  plants  that 
have  not  locked  their  brain  against 
progress  and  thrown  away  the  key 
will  be  the  ones  not  only  to  lead  the 
way,  but  to  reap  the  greater  ‘part  of 
the  reward. 

We  are  on  the  threshold  of  a  new 
era.  One  need  only  visit  many  of  the 
new  woodworking  plants,  in  many 
cases  not  new  as  to  the  name,  location, 
or  roof,  but  new  in  thinking,  new 
equipment,  and  new  methods.  Emu¬ 
late  these  men  and  work  with  the 
machinery  builder  and  allied  suppliers 
of  equipment. 

Just  what  part  of  this  program  is 
still  in  the  stage  of  engineer’s  dreams, 
and  how  much  has  been  reduced  to 
realistic,  down-to-earth  production 
practice?  Starting  right  back  at  the 
circular  or  band  mill,  there  is  no  saw¬ 
ing  function  today  that,  insofar  as  the 
fundamental  mechanics  of  the  opera¬ 
tion  are  concerned,  has  not  been 
duplicated  using  tungsten  carbide  as 
the  cutting  agent  and  working  day  in 
and  day  out  on  a  production  basis. 


Need  we  be  naive  any  longer  in  our 
thinking  about  wide  bandsaws  or  cir¬ 
cular  mill  saws  being  offered  for  sale 
with  tungsten  carbide  tips?  It  may  be 
safely  predicted  that  nothing  will  be 
accomplished  on  this  until  some  sub¬ 
stantial  users  of  these  products  reach  a 
point  where  they  will  be  willing  to 
stand  up  and  be  counted. 

We  have  arrived  at  the  point  where 
circular  and  band  milling  of  lumber 
can  only  continue  to  compete  with 
new  processes,  where  the  whole  lum¬ 
ber  or  tree  is  ground  up,  by  going  to 
tungsten  carbide.  With  this  change, 
far  less  lumber  will  be  reduced  to 
sawdust  and  the  boards  will  require 
much  less  surface  planing  because  of 
smoother  cutting. 

Will  sawing  machinery  have  to  be 
junked  to  accomplish  this?  Some  can 
be  modified,  some  rebuilt,  machines 
twenty  to  thirty  years  old  junked. 

Just  what  are  the  scientific  and 
technical  aspects  of  this  transition  that 
is  already  so  far  advanced?  Have  the 
fellows  who  made  a  few  tungsten  car¬ 
bide  saws  and  tools  that  failed  to  work 
brought  things  to  a  stop?  Have  the 
fellows  who  bought  these  tools  and 
said  they  were  no  good  put  effective 
brakes  on  the  enterprise?  To  the  con¬ 
trary,  these  experiences  have  high¬ 
lighted  the  need  for  scientific  and 
technical  analysis  of  the  problem  and 
put  us  far  ahead  on  the  road  to  satis¬ 
factory  economic  solutions. 

Excepting  saw  mill  machinery,  it  is 
only  amut  thirty  years  ago  that  wood¬ 
working  machinery  used  cutting  tool 
arbor  speeds  of  1800-2000  rpm. 
These  speeds  gave  us  saw  rim  veloci¬ 
ties  of  5-8000  fpm.  It  not  only  was 
considered  unsafe  to  run  these  saws 
faster,  but  the  steel  available  for  saws 
in  those  days  was  prone  to  dull  very 
rapidly  at  the  higher  speeds.  We  have 
used  these  many  intervening  years  to 
develop  arbor  speeds  that  provide  saw 
rim  speeds  up  to  15,000-16,000  fpm. 
Now  we  must  double  that  figure  to 
enjoy  fully  the  greater  production  and 
the  profits  that  this  new  cutting  agent, 
tungsten  carbide,  has  to  offer  labor 
and  management  and  the  users  of 
wood  products. 

Planer  and  moulder  operations  are 
all  being  done  economically,  and 
with  far  more  satisfactory  results,  us¬ 
ing  tungsten  carbide.  Of  course,  in 
planers  and  moulders  there  are  prob¬ 
lems  as  to  arbors,  running  balance, 
jointing  and  servicing  the  new  tools. 
It  is  conceded  that  some  of  these 
problems  are  as  near  solution  as  those 
in  the  sawing  operation. 

The  best  brains  in  the  edge  tool  in¬ 
dustry  are  at  work  on  the  problems  of 
planing  and  moulding  with  tungsten 


carbide  tools.  Every  new  idea,  every 
experiment,  opens  up  new  horizons 
of  thinking.  Out  of  this  movement  is 
dawning  new  concepts  of  methods 
and  tools  that  possess  new  values  for 
the  industry.  If  history  repeats  itself, 
and  it  always  has,  this  enterprise  in 
planing  and  moulding  is  due  to  he 
cracked  wide  open.  We  humans  usu¬ 
ally  go  about  solving  our  problems 
by  the  most  round-about,  complicated 
processes  that  it  is  possible  to  coi:- 
ceive,  then,  suddenly,  there  appears 
the  simple  and  obvious  answer  th.it 
we’ve  been  seeking.  As  of  todar, 
there  are  many  indications  that  v.  e 
are  arriving. 

The  history  of  the  carbide  tippi  1 
circular  saw  is  a  parallel  to  this  expcr'- 
ence.  Of  all  the  problems  that  aros  , 
many  of  them  were  entirely  the  resi:  t 
of  traditional  thinking,  assuming  th  t 
what  had  gone  before  was  right.  !t 
happened  that  the  revelation  of  ti  e 
simple  and  obvious  answer  to  a  dit; - 
cult  problem  the  saw  industry  had  o 
contend  with — that  of  loose  kno:s 
breaking  teeth  out  of  tipped  saws  - 
was  revealed  in  a  plant  in  Memph  s. 

Back  in  the  winter  of  1945-4o, 
after  finishing  the  development  of  a 
new  type  of  grinder  for  the  automatic 
grinding  of  circular  saws  tipped  with 
tungsten  carbide,  the  job  of  develop¬ 
ing  a  set  of  standards  for  these  new 
teeth  presented  itself.  This  led  into  a 
study  of  saw  teeth.  There  were  no 
books  or  records  on  the  subject  other 
than  a  few  that  dealt  with  filing  and 
fitting  various  styles  and  patterns  of 
teeth  that  were  commonly  known  and 
used  in  the  industry.  Patent  records 
disclosed  some  theory.  Saw  manufac¬ 
turer’s  catalogs  provided  most  infor¬ 
mation.  Most  of  it  seemed  to  be  based 
on  craft  and  tradition.  If  there  is  any 
scientific  or  technical  work  on  the 
subject  of  the  various  tooth  forms, 
why  they  are  formed  that  way,  and 
the  reason  for  using  a  given  number 
of  teeth  in  a  saw,  it  was  impossible 
to  find  it.  The  whole  proposition 
seems  to  have  sprung  from  a  cut,  fit 
and  try  method  until  a  combination 
was  hit  on  that  worked  at  a  cost  tiat 
could  be  tolerated. 

However,  there  is  another  phase  of 
wood  machining  where  utter  failure 
produced  some  deeper  thinking.  C  it- 
side  the  realm  of  circular  saws  in  he 
planing  and  moulding  operation  it 
was  found  that  such  a  wide  variety  of 
teeth  and  tooth  forms  would  ot 
work.  To  achieve  acceptable  res  Its 
in  planing  and  moulding,  stri  ter 
limitations  had  to  be  observed.  In 
planing  and  moulding,  it  was  rec  >g- 
nized  that  there  was  a  highly  j  re¬ 
nounced  relationship  between  cu  ter 
arbor  speed,  the  number  of  cut!  ng 
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,dges  or  teeth  used,  and  the  feed  rate, 
nore  commonly  referred  to  as  knife 
narks  per  inch.  It  was  not  possible  to 
hange  any  one  factor  appreciably 
without  changing  others,  in  order  to 
ctain  or  stay  within  certain  narrow 
imits  in  terms  of  chip-loading. 

There  must  have  been  those  who 
/lad  a  deep-rooted  suspicion  that  there 
■was  a  close  relationship  between  the 
mechanical  laws  that  asserted  them- 
. elves  in  planing  and  moulding,  and 
hose  that  might  be  applied  to  saw- 
ng.  As  a  matter  of  fact,  the  very 
<ame  law  applies.  If  maximum  per¬ 
formance  is  to  be  obtained  from  a 
S.XW  of  given  specifications,  running 
at  a  given  speed,  the  chip-loading 
must  be  maintained  within  certain 
limits.  If  a  saw  speed  and  the  number 
of  teeth  are  constant,  then  there  are 
only  two  Other  factors  that  will  de¬ 
termine  or  vary  the  chip-loading. 
They  are  the  rate  of  feed,  and  the 
thickness  of  the  material  being  cut. 

With  reference  to  circular  saw 
blades,  the  definition  of  chip-loading 
is:  the  thickness,  width  and  length  of 
the  chip  the  tooth  will  cut  with  a 
given  arbor  speed,  feed  rate,  tooth 
pitch  and  material  specification. 

Let  us  visualize  a  board  being 
power  fed  through  a  rip  saw  at  300 
fpm.  Reducing  this  to  inches  per  min¬ 
ute  we  have  3600  inches  passing 
through  the  saw.  The  saw  blade  has 
32  teeth  and  is  running  direct  motor 
drive  at  3600  rpm.  If  the  saw  is  mak¬ 
ing  3600  turns  per  minute  and  the 
board  is  being  fed  at  the  rate  of  3600 
inches  per  minute,  then  there  will  be 
one  inch  of  board  travel  to  each  turn 
of  the  saw.  Obviously  in  one  turn  of 
the  saw  32  teeth  will  pass  through 
the  cut,  therefore,  each  tooth  must  cut 
a  chip  1/32  inch  thick.  If  a  saw 
tooth  is  ^  inch  wide  then  the  chip 
will  be  Yg  inch  wide.  If  the  board  is 
8/4,  then  the  chip  will  be  2  by  1/g  by 
1/32  inches,  assuming  the  cutting  ac¬ 
tion  to  be  at  a  right  angle  to  the 
plane  of  the  board. 

We  must  be  mindful  of  one  other 
factor.  As  the  thickness  of  the  lumber 
increases,  more  teeth  are  brought  into 
xs'orking  engagement.  The  power  re¬ 
quirement  increases,  and  the  saw 
plate  must  be  capable  of  supporting 
these  additional  teeth  at  work.  Using 
this  formula,  we  only  need  tables  on 
minimum  and  maximum  chip-loading 
to  determine  the  correct  specification 
for  a  saw  to  do  a  given  job.  Why 
h.ne  so  many  cutter  head  applications 
b  n  changed  to  speeds  of  7200,  10,- 
O  'O,  and  even  up  to  20  and  30,000 
r;  n  ?  It  is  because  good  engineering 
d  s  not  permit  cutterheads  with  ex- 
c  dve  numbers  of  teeth.  Higher  feed 
r  s  have  to  be  provided.  These  two 


factors  would  not  yield  to  control  chip 
loading  properly.  There  was  only  one 
factor  left  that  could  be  changed,  the 
arbor  speed.  By  increasing  the  arbor 
speed,  factors  one  and  two  could  be 
respected  and  chiploading  brought  un¬ 
der  control. 

Are  sawing  operations  any  less  im¬ 
portant  than  moulders,  planers  and 
shapers?  Circular  saws  of  given  di¬ 
ameter  and  given  gauges  have  definite 
limitations  as  to  the  stress  they  will 
work  under.  Assuming  efficient  tooth 
design,  and  sharp  teeth,  there  are 
definite  minimum  and  maximum  chip¬ 
loading  limits  for  each  combination 
of  saw  plate  thickness  and  diameter. 

Operation  of  tungsten  carbide 
tipped  saws  at  7200  rpm  opens  the 
way  to  the  use  of  much  thinner  gauge 
saws  at  far  higher  feed  rates  with 
complete  and  proper  engineering  re¬ 
spect  for  maintaining  correct  chip¬ 
loading.  Today,  kerf  removal  and  feed 
rates  are  important  factors  in  material 
cost  and  man  hours  used  per  unit  of 
production.  The  machine  user’s  need 
for  thinner  saws  and  higher  feed  rates 
are  no  longer  mere  desire,  they  are 
imperative  in  terms  of  pure  eco¬ 
nomics.  Having  determined  through 
exhaustive  tests  what  chip-loadings 
are  well  within  tolerance  for  given 
diameters,  gauges,  and  tooth  pitches, 
it  borders  on  an  outright  disservice  to 
all  concerned  to  .accept  orders  for 
tungsten  carbide  tipped  saws  where 
the  diameter,  gauge,  and  number  of 
teeth  have  been  specified  by  someone 
who  has  very  little  or  possibly  no 
knowledge  of  saw  engineering. 

Now  we  can  get  at  the  heart  of  this 
problem  of  using  tungsten  carbide  to 
get  more  production  per  man  hour  of 
labor,  and  per  dollar  of  capital  invest¬ 
ment  in  equipment.  We  know  that 
the  size  of  the  chip  that  the  saw  tooth 
or  knife  cuts  is  the  basic  starting  point 
in  working  out  the  formula  to  achieve 
our  objective.  We  know  that  we  can 
not  overload  the  tooth  without  get¬ 
ting  into  difficulty.  We  know  that  if 
we  go  to  the  other  extreme — too  light 
chiploading — failure  looms.  There¬ 
fore,  the  simple  and  obvious  answer 
shines  out  like  the  sun; 

1.  For  a  given  operation  we  know 
the  size  and  kind  of  material  we 
want  to  run. 

2.  We  know  the  production  rate 
required. 

3.  We  use  a  saw  or  edge  tool  engi¬ 
neered  with  the  right  number 
and  kind  of  teeth  to  do  the  job. 

4.  Then  we  run  the  saw  or  cutter 
arbor  at  the  right  speed  to  give 
us  the  chiploading  we  know  is 
right. 


With  the  last  point  we  run  headon 
into  serious  difficulty.  Determining 
the  right  arbor  speed  is  simple  arith¬ 
metic.  Obtaining  the  right  arbor  speed 
is  something  else.  The  machinery 
builders  are  trying  to  help  us,  but 
there  are  very  serious  problems  in 
controlling  or  obtaining  infinite  arbor 
speeds.  How  can  tungsten  carbide 
help  us  out  of  this  difficulty?  It  is  an 
undeniable  fact  that  tungsten  carbide 
does  hold  the  answer  to  this  problem. 
Before  we  get  into  that,  let  us  digress 
a  moment  to  review  our  situation 
without  tungsten  carbide. 

Thirty  years  ago  the  finest  steel 
used  in  saws  and  cutters  would  lose  its 
cutting  edge  so  rapidly  when  operated 
at  rim  or  cutting  circle  velocities  much 
in  excess  of  8,000  fpm,  that  an  arbor 
was  seldom  set  up  to  run  faster  than  a 
speed  that  would  provide  rim  cutting 
speeds  much  in  excess  of  8000  fpm. 
'Then  we  started  getting  alloy  steel 
with  tungsten  and  chrome  and  nickel, 
and  arbor  speeds  that  gave  us  cutting 
circle  velocities  up  to  15-16,000  fpm. 
With  these  new  steels,  we  found  that 
cutting  circle  speeds  above  16,000 
fpm  usually  brought  about  a  rate  of 
dulling  that  couldn’t  be  tolerated. 
'That  is  where  we  found  ourselves  just 
a  few  years  ago.  Without  tungsten 
carbide  we  had  a  limit  of  about  16,- 
000  fpm  cutting  circle  speed.  We 
know  beyond  any  doubt  whatever,  by 
actual  production  operations  now  go¬ 
ing,  that  we  can  economically  operate 
tungsten  carbides  at  double  these  cut¬ 
ting  speeds.  Man  hours  used  per  unit 
of  production  were  lowered  in  the 
past  twenty  years  with  high  speed 
steel  and  raising  arbor  speeds  from 
1800  rpm  to  3600  rpm. 

How  would  you  like  to  go  back  to 
1800  rpm  and  carbon  steel  saws  and 
cutters?  How  would  you  compete  in 
today’s  market  with  such  labor  costs? 
How  can  tungsten  carbide  solve  this 
arbor  speed  problem  for  us?  Here  is 
the  answer. 

We  know  that  infinite  arbor  speed 
control  holds  such  serious  problems 
in  engineering  that  there  is  no  imme¬ 
diate  practical  solution.  We  know  that 
through  the  use  of  frequency  changers 
and  improved  arbor  engineering,  there 
is  a  thoroughly  practical,  down-to- 
earth  avenue  open  to  us  to  secure 
arbor  speeds  of  7200.  We  know  that 
with  this  speed  we  can  religiously 
respect  good  engineering  principles 
and  design  saws  and  cutters  with  the 
right  number  of  tungsten  carbide 
teeth  to  retain  complete  control  over 
chip-loading  and  provide  higher  pro¬ 
duction  rate. 

Are  we  going  to  take  another 
twenty  years  to  accept  this  transition? 
Did  the  woodworking  industry  have 
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light  metals,  plastics  and  other  compe¬ 
tition  looking  it  squarely  in  the  eye 
twenty  to  thirty  years  ago?  Investi¬ 
gate  any  field  of  endeavor  you  will. 
Go  back  into  history  as  far  as  the 
Bible  will  take  you.  See  if  you  can  dig 
up  any  real  progress  that  ever  took 
place  without  the  enterprise  having  to 
contend  with  objectors  and  problems. 
Who  were  the  winners — who  were  the 
losers  when  the  final  battle  was  fought 
and  the  final  decision  made  ? 

Yes,  we  are  here  for  this  meeting 
because  we  are  in  love  with  wood¬ 
working.  We  also  want  to  win  the 
money  reward — but  that  is  looked 
forward  to  and  worked  for  as  proof 
we  have  fought  a  good  fight.  We  can 
be  proud  that  we  undertake  this  labor 
for  the  thrill  and  victory  that  accom¬ 
plishment  of  the  objective  brings  us. 
The  new  people  in  the  new  industry 
who  predict  that  the  woodworking 
industry  is  staggering  about  on  its 
last  legs  have  failed  to  recognize  that 
in  overcoming  our  inheritance  as  to 
tradition  and  craft,  we  are  developing 
new  stamina  that  will  serve  us  well 
in  that  run  down  the  stretch  to  the 
winner’s  circle. 

Discussion 

Carl  Chekouras  (Yates  American) : 
Will  a  saw  designed  and  tensioned 
for  3600  RPM  work  properly  at  in¬ 
creased  speeds? 

Air.  Drake:  Yes.  Saw  will  have  to 
be  opened  up.  (Here  Drake  refers  to 
several  applicable  formulas  several  of 
which  are  apparently  in  Patronsky’s 
paper  previously  referred  to.  The  re¬ 
corder  could  not  get  these  down.) 

L.  A.  Paironsky  (Wabash  Screen 
Door  Company) :  Claud,  isn’t  there 
some  confusion  between  quality  of  cut 
and  efficiency?  That  is,  do  you  mean 
greater  efficiency  of  material  removed 
or  better  surface  at  chip  load  of  0.15 
than  at  0.30? 

Mr.  Drake:  A  saw  traveling  at  high 
speed  will  do  a  better  job  due  to  cen¬ 
trifugal  force,  that  is,  there  is  less 
problem  of  saw  stability. 


Air.  Patron  sky:  As  tooth  speed  in¬ 
creases,  the  material  becomes  the  cut¬ 
ting  agent.  Theoretically,  you  could 
gee  the  saw  operating  so  fast  as  to  dull 
almost  immediately. 

Mr.  Drake:  Yes.  As  speed  of  saw 
goes  up  you  get  a  slight  lowering  of 
life  between  sharpening  but  you  will 
get  twenty  to  forty  times  the  life  of 
ordinary  saws. 

E.  S.  Johnson  (North  Carolina 
State) :  Can  tungsten  carbide  tipped 
blades  be  used  to  gang  rip  rough 
lumber? 

Mr.  Drake:  Yes. 

Mr.  Johnson:  Please  explain  how 
higher  arbor  speeds  will  facilitate 
such  use. 

Air.  Drake:  We  have  any  number 
of  such  gang  rip  operations.  Write 
manufacturers  for  the  names  of  these 
companies.  We  hope  to  push  this  idea 
since  we  believe  high  arbor  speeds 
will  answer  many  difficulties  such  as 
enabling  the  sawyer  to  protect  against 
flutter  due  to  the  heavy  chips  required. 
Gang  sawing  presents  a  serious  prob¬ 
lem  since  cutting  takes  place  on  top 
of  plane.  In  a  gang  of  saws  the  ten¬ 
dency  of  the  board  to  climb  causes 
teeth  to  grab  and  in  doing  so  they  take 
a  terrific  beating  especially  in  size  of 
chip.  The  remedy  appears  to  be  high 
arbor  speed,  proper  hold  down  facili¬ 
ties  and  good  bearings  on  both  sides 
of  arbor. 

K.  V.  White  (Greenlee  Brothers) : 
Can  the  same  results,  that  is  high  run 
speeds,  be  obtained  by  increasing 
number  of  teeth  and  increasing 
diameter  of  saw? 

Mr.  Drake:  No.  Saw  would  have  to 
operate  under  greater  stress.  Policy  is 
to  go  to  smallest  saw  possible. 

T.  C.  Weill  (Carboloy)  :  Are  tables 
available  that  show  chip  load  ranges 
for  various  diameter  of  saws?  Will 
they  be  published. 

Mr.  Drake:  Yes.  But  not  recorded 
and  published. 

/.  £.  Gayvitch  (Gayvitch  Lumber 
Company) :  High  original  cost  and 
necessity  of  out-plant  maintenance 


are  major  problems  in  use  of  tungsten 
carbide  tipped  saws.  Recently,  I  un¬ 
derstand,  new  alloys  are  being  intro¬ 
duced  which  will  permit  sharpening 
at  plant  but  still  give  good  perform¬ 
ance.  Will  you  give  us  some  informa¬ 
tion  on  these  new  alloys? 

Mr.  Drake:  There  are  several  cast 
alloys  which  have  been  tried,  but  what 
good  reason  would  justify  accepting 
something  only  half  as  good  as  tung¬ 
sten  carbide?  You  still  will  need  some 
type  of  sharpening  equipment. 

Air,  Gayvitch:  Professor  Patronsky, 
the  information  available  to  me  indi¬ 
cates  that  these  alloys  are  not  haP 
way  measures  as  stated  by  Mr.  Drak,. 
but  have  substantial  merit  in  thei 
own  right.  Would  it  therefore  be  in 
order  to  request  the  Machining  Corr 
mittee  in  the  best  interest  of  FPR ' 
and  the  industry  to  have  a  paper  pre 
pared  for  the  1954  annual  meeting 
covering  the  entire  field  of  allo) . 
available  to  the  wood  industries,  their 
properties  and  their  performance? 

Norman  C.  Bye  (Henry  Disston  cc 
Sons,  Inc.):  Mention  has  been  macie 
of  the  necessity  of  stability  in  the  rim 
of  a  circular  saw  and  this  stability  is 
dependent  on  rotational  stresses  and 
work  load.  Rotational  stresses  and  the 
size  of  blade  to  withstand  them  can 
be  determined  by  calculation  by  the 
work  load  and  abuse  factors  still  have 
to  be  provided  for  by  practical  ex¬ 
perience.  Higher  speeds,  while  desir¬ 
able  from  a  cutting  standpoint,  ag¬ 
gravate  these  design  factors.  Even 
after  the  saw  blade  design  require¬ 
ments  have  been  met,  the  machines  on 
which  they  run  must  have  adequate 
power  and  rigidity,  if  good  perform¬ 
ance  is  to  be  obtained. 

Air.  Drake:  Consult  with  experi¬ 
enced  operators.  There  are  lots  of 
variables  to  be  considered,  such  as 
type  of  material,  thickness,  etc. 

Norman  Bye  (Henry  Disston  & 
Sons) :  On  observations  made  during 
trip  to  Canada.  Disston  has  made  sev¬ 
eral  saws  wherein  the  blade  had  been 
cut  into  three  or  four  pieces  and 
attached  to  arbor  with  promising 
results. 
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Summary  of  the  Use  of  Tungsten  Carbide 
Tipped  Woodworking  Tools  in 
Regular  Production 

STEVEN  P.  KOCZAN 

Engineer,  The  Singer  Manufacturing  Company,  South  Bend,  Indiana 


This  paper  summarizes  the  progress  made  in  the  application  of  tools.  Another  reason  was  to  encour- 

carbide  tipped  woodworking  tools  to  production  machining  at  The  age  the  manufacturers  to  produce  tools 

Singer  Manufacturing  Company,  South  Bend,  Indiana.  A  description  of  a  quality  consistent  with  the  re- 

of  the  various  applications  of  these  tools  along  with  the  tool  sped-  quirements  of  each  application.  The 

fications  found  to  be  satisfactory  are  presented  in  this  paper.  cooperation  between  this  Singer  Plant 

The  development  of  cutting  tools  at  this  plant  is  continuing  and  and  the  manufacturers  of  the  cutting 

the  data  were  taken  from  the  most  recent  records  available  at  the  tools  has  enabled  minor  changes  to 

time  this  paper  was  prepared.  be  made  in  cutting  angles  and  tool 

design,  which  resulted  in  developing 
the  most  satisfactory  tool  for  each 


Almost  everyone  directly  con- 
.  cerned  with  production  machin¬ 
ing  and  the  related  cutting  tools  is 
familiar  with  the  nature  of  tungsten 
carbide.  The  fact  that  this  product  of 
powder  metallurgy  has  a  very  great 
ability  to  resist  wear  is  now  wide¬ 
spread  knowledge  in  the  woodwork¬ 
ing  industry.  The  increased  interest  in 
carbide  woodworking  tools  is  appar¬ 
ent  and  numerous  articles  on  the  sub¬ 
ject  have  been  appearing  in  many  of 
the  leading  woodworking  magazines. 

Various  degrees  of  success  with 
carbide  tipped  woodworking  tools 
have  been  obtained  and  considerable 
testing  has  been  conducted  at  this 
Singer  Plant  in  an  attempt  to  deter¬ 
mine  not  only  the  performance  char¬ 
acteristics,  but  to  determine  the  correct 
application  of  the  particular  carbide 
tipped  tools. 

The  actual  experiments  have  been 
conducted  in  close  collaboration  with 
manufacturers  of  carbide  tipped  wood¬ 
working  tools.  This  cooperation  has 
resulted  in  the  development  of  several 
carbide  tools  that  have  out-produced 
conventional  steel  in  the  quantity  of 
parts  machined  before  resharpening  as 
well  as  the  quality  of  the  parts  being 
machined.  An  analysis  was  made  of 
c.ich  production  machine  before  it  was 
ecjuipped  with  carbide  tools,  with  con- 
si^kration  given  to  the  condition  of 
the  equipment,  the  speed  at  which  it 
could  be  operated,  and  the  type  of  cut- 
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ting  operation  to  be  performed.  From 
this  information  and  from  perform¬ 
ance  records  that  were  compiled  while 
the  cutting  tools  were  in  use,  definite 
facts,  pertaining  to  the  types  of  cut¬ 
ting  tools  and  their  application,  were 
established.  This  also  enabled  a  com¬ 
parison  to  be  obtained  between  the 
regular  steel  cutting  tools  and  the 
carbide  tipped  tools. 

One  reason  for  working  in  close 
contact  with  the  carbide  tcK)l  manu¬ 
facturers  was  to  permit  a  degree  of 
control  over  the  fabrication  and  grind¬ 
ing  methods,  thus  insuring  consist¬ 
ently  ground  shapes  on  the  cutting 


application;  also,  carbide  failure  caused 
by  improper  brazing  has  been  re¬ 
duced  and  is  now  considered  an  un¬ 
common  occurrence. 

Resharpening  of  Carbide 
Tipped  Tools 

At  the  present  time  our  carbide 
tipped  tools  are  returned  to  the  manu¬ 
facturer  for  resharpening.  In  most  in¬ 
stances  we  have  at  least  two  identical 
sets  of  tools  and  a  controlled  sharpen¬ 
ing  schedule  has  been  established  to 
insure  continuous  operation  without 
resorting  to  the  use  of  the  regular 
steel  while  awaiting  a  resharpened 
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tool.  Approximately  ten  days  are  re¬ 
quired  from  the  time  a  cutting  tool 
is  removed  for  resharpening  until  the 
time  it  is  returned.  The  most  unde¬ 
sirable  feature  about  this  method  is 
the  ten  day  time  lapse  and  the  han¬ 
dling  involved  in  order  to  enable  a 
tool  to  be  resharpened.  This  handling 
increases  the  possibility  of  damaging 
the  carbide,  which  reduces  and  at 
times  cancels  the  saving  produced  by 
these  tools. 

An  investigation  to  determine  the 
feasibility  of  purchasing  a  precision 
grinding  machine  and  the  necessary 
diamond  wheels  for  the  purpose  of 
providing  sharpening  facilities  within 
the  plant  has  been  completed.  This 
investigation  revealed  that,  at  the  end 
of  a  fifteen  month  period,  the  cost 
of  returning  our  carbide  tipped  tools 
to  the  manufacturer  for  resharpening 
equalled  the  initial  cost  of  a  precision 
grinding  machine. 

This  cost  was  computed  from  the 
following  information: 

1.  Number  of  times  the  tool  re¬ 
quired  sharpening  during  the 
given  period  of  time. 

2.  Cost  to  resharpen  the  tool  when 
rc-turned  to  the  manufacturer. 

3.  Cost  of  packaging,  postage  and 
insurance  required  to  return  the 
tools  for  resharpening. 


With  the  thought  in  mind  of  utiliz¬ 
ing  the  idle  time  of  the  men  in  the 
saw  filing  room,  which  has  been  in¬ 
creasing  as  our  plant  has  been  expand¬ 
ing  the  use  of  carbide  tools,  an  order 
was  placed  for  a  precision  grinding 
machine.  Also,  a  plan  has  been  insti¬ 
tuted  involving  the  operation  of  a 
centralized  control  program  covering 
the  carbide  tools  within  the  plant.  It 
is  the  feeling  at  this  plant  that  a  sys¬ 
tem  of  control  will  eliminate  the  over¬ 
running  of  the  tools  and  that  a  con¬ 
trol  program  could  be  operated  easily 
by  the  grinding  machine  operator  who 
could  maintain  records  of  the  running 
time  of  the  various  tools. 

Carbide  Tools  Used  in  Regular 
Production 

In  order  to  summarize  the  use  of 
carbide  tools  in  more  exact  terms,  the 
actual  applications  of  the  various  tools 
at  this  plant  are  described  in  the  fol¬ 
lowing  paragraphs. 

First  to  be  considered  are  the 
hydraulic  swing  saws  which  are 
equipped  with  18  in.  diameter,  100 
tooth,  alternate  tooth  bevel  saws. 
These  saws  are  operated  for  1500  pro¬ 
duction  hours  before  being  removed 
for  sharpening  and,  as  indicated  on 
the  accompanying  data  sheet,  produced 


a  sizeable  saving  when  compared  to 
the  1 1  production  hours  obtained  from 
regular  carbon  steel  saws.  The  hours 
of  production  are  based  on  a  rough 
line  capacity  of  60,000  board  feet 
per  week. 

The  second  group  of  cutting  tools 
to  be  considered  are  those  used  for 
straight  line  ripping.  For  these  ma¬ 
chines  12  in.  and  14  in.  diameter, 
full  face,  30  tooth  rip  saws  are  used, 
depending  on  the  thickness  of  mate¬ 
rial  to  be  ripped.  One  of  the  main 
interests  in  these  machines  is  to  ob 
tain  a  satisfactory  glue  joint  edge 
Here  it  was  discovered  that  we  could 
rip  a  glue  joint  edge  with  carbidi 
tipped  saws  of  a  quality  consistent 
with  requirements  of  our  core  stock 
providing  that  each  tooth  was  grounc 
to  a  near  identical  width.  The  kerf  cu;. 
by  these  carbide  tipped  saws  is  be 
tween  .155  in.  and  .159  in.,  comparei 
to  approximately  .130  in.  on  jointec 
regular  steel  saws.  The  principal  op 
eration  performed  on  our  straight  lin. 
rip  saws  is  to  rip  core  stock  requires 
for  use  in  regular  production.  It  is  a' 
this  point  that  the  defects  are  rippc<l 
out  and  this  is  done  in  a  manner  tha. 
will  place  the  kerf  loss  in  the  remove^; 
section.  This  kerf  loss  is  minimized 
by  the  saving  resulting  from  the  in¬ 
creased  cycle  life  of  the  carbide  sav,. 


Table  1 — PRODUCTION  MACHINES  EQUIPPED  WITH  CARBIDE  TIPPED  CUTTING  TOOLS  AT  THE  SINGER 
MANUFACTURING  CO.,  SOUTH  BEND,  INDIANA 

Ratio  of  the  total 


Speed  of 
rotation 
and  feed 

Description  of 
carbide  cutting  tool 

Ratio  of  cost  to 
resharpen  tool 

Ratio  of 
sharpening  cost 
per  1000  hours 
of  operation 

cost  to  remove  tool 
for  resharpening 
per  1000  hours 
of  operation 

Ratio  of 
initial  cost 

Machine 

Operation  performed 

Steel 

Carbide 

Steel 

Carbide  Steel 

Carbide 

Steel 

Carbide 

Gang  Rip 
Machines 

3.515  r.p.m. 

60  ft./min. 

Gang  rip  operations — 
leg  squares,  end  and  side 
bands.  Oak,  Walnut, 
Mahogany,  Maple,  etc. 

12"  Dia.  Saw  x  24  teeth, 
FFT-Kerf  .130"  to 
.135" 

1 

14.6 

1.6 

1 

22.8 

1 

1 

14 

Straight 

Line  Rip 
Machines 

3.500  r.p.m. 

120  ft./min. 

Ripping  operations, 
removing  detects  in 
preparation  for  core 
building  machine. 

12"  and  14"  Dia.  x  30 
teeth,  FFT-Kerf  .157" 

1 

14.6 

3.4 

1 

49 

1 

1 

9 

Double  End 

Cut-Off 

Machine 

3600  r.p.m. 

25  ft./min. 

Cutting-off  leg  squares  in 
preparation  for  the  turning 
operation. 

12"  Dia.  Saw  x  80  teeth 
ATB. 

1 

20.8 

1.2 

1 

25 

1 

1 

25 

Double  End 
Tenoners 

34.50  r.p.m. 

25  ft./min. 

Grooving  and  cutting-off 
veneered  panels. 

Cut-off  Saw  12"  Dia.  x 
100  teeth  ATB,  Grooving 
Saw  8",  10"  and  12" 
Dia.  X  30  teeth  ATB. 

1 

1 

15.4 

2.9 

.8 

1 

1 

11.5 

10.7 

1 

1 

1 

1 

23 

12 

Panel  Boring 
and  Cut-Off 
Machines 

3450  r.p.m. 

15  ft./min. 

Cut-off  operation  com¬ 
bined  with  a  boring  opera¬ 
tion  on  veneered  panels. 

16"  Dia.  Saw  x  100 
teeth  ATB. 

1 

18.5 

2 

1 

39.3 

1 

1 

11 

Hydraulic 
Swing  Saw 

3460  r.p.m. 
Power  Fe«Kl 

Swing  Saw  operations  on 
the  Rough  Dimension  Line. 

18"  Dia.  Saw  on  100 
teeth  ATB. 

1 

17.2 

10.9 

1 

187 

1 

1 

12 

Double  Blade 

Grooving 

Machine 

3800  r.p.m. 
Hand  Feed 

Groove  cut  in  a  finished 
panel. 

754"  Dia.  X  8  teeth. 
Formed  tooth  groover. 

1 

6.4 

5.1 

1 

36 

1 

1 

Edge  Jointer 
(experi¬ 
mental) 

3.500  r.p.m. 

103  ft./min. 

Jointing  Oak,  Poplar  and 
Basswood  in  preparation 
for  core  building  machine. 

Shear  tooth  six  cutter 
head,  6"  long. 

1 

5.0 

1.3 

1 

7 

1 

1 

21 

Shaping 
Attachment 
on  Double 

End  Tenoner 

7200  r.p.m. 

25  ft./min. 

Shaping  veneered  panels. 

Twin  wing  and  Three 
wing  cutter  head, 
straight  cutting  edge. 

1 

10.6 

1.2 

1 

12.5 

1 

1 

8  7 

Automatic 

Shaper 

7200  r.p.m. 

Shaping  mouldings  on 
veneered  panels. 

Formed  shaper  knives 
used  with  regular  collars. 

1 

10.6 

1 

1.2 

15 

1 

1 

4.1 

Double 

Spindle 

Boring 

Machine 

3800  r.p.m. 
Slow  feed 
with  rapid 
traverse 

Boring  a  seat  for  a  hinge 
in  a  finished  table. 

Boring  bit  with  two 
tracer  1.135"  Dia. 

1 

18.4 

5.1 

1 

97 

1 

1 

2..1 

Router 

10,000  r.p.m. 
Hand  Feed 

Routing  Masonite  and 
Formica  panels. 

54"  and  154"  Dia. 

Double  Flute  straight 
router  bit. 

1 

3.8 

4.8 

1 

17.9 

1 

1 

■' 
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Third  to  be  considered  are  gang 
rip  saws.  Satisfactory  results  with  car¬ 
bide  tipped  rip  saws  were  obtained 
previous  to  the  installation  of  a  new 
'  ough  dimension  line;  therefore,  when 
two  new  gang  rip  machines  were 
placed  into  operation  they  were 
.quipped  with  12  in.  diameter,  24 
full  face  tooth,  rip  saws.  The  question 
of  kerf  loss  was  considered  and  it 
was  discovered  that  the  kerf  could  be 
■educed  from  .145  in.-.150  in  to  .130 
in.-.135  in.  without  shortening  the 
jseful  life  of  the  carbide  tipped  saw. 
These  saws  with  the  reduced  kerf  will 
operate  160  hours  before  resharpening 

15  required,  and  the  saving  involved  in 
this  running  time  considerably  more 
than  compensates  for  their  cost  when 

ompared  to  the  shorter  running  time 
and  kerf  loss  of  approximately  .150 
in.  that  results  from  the  use  of  regular 
stc'el  saws.  This  conclusion  is  not  con¬ 
sidered  a  general  statement  and  ap¬ 
plies  only  to  the  saws  and  types  of 
parts  that  are  gang  ripped  as  part  of 
this  rough  dimension  line. 

A  fourth  group  covers  double  cut¬ 
off  and  grooving  saws  used  on  the 
double  end  tenoners.  Experimenting 
with  these  saws  resulted  in  the  devel¬ 
opment  of  carbide  tipped  grooving 
saws  that  are  extremely  efficient.  For 
grooving  operations,  such  as  on  ve¬ 
neered  panels,  case  sides  and  rails,  30 
tooth,  alternate  tooth  bevel  saws  are 
used.  These  saws  have  been  ground 
in  a  manner  that  permits  them  to  pro¬ 
duce  a  kerf  width  conforming  with 
the  required  groove.  Cut-off  saws  used 
on  these  machines  and  also  on  a 
double  cut-off  saw  contain  a  larger 
number  of  teeth  and  are  ground  to  an 
alternate  tooth  bevel.  Basically,  the 
shape  of  the  carbide  teeth  is  ground  in 
a  manner  similar  to  regular  steel  saws, 
with  full  faced  teeth  used  in  ripping 
operations  and  an  alternate  tooth  bevel 
used  to  sever  the  wood  fibers  for  the 
cut-off  operations. 

Also,  carbide  tipped  cut-off  saws 
are  used  on  our  combination  boring 
and  cut-off  machines.  These  saws  are 

16  in.  in  diameter  and  contain  100 
teeth.  Cabinet  sides,  backs  and  rails 
are  bored  and  cut-off  on  these  ma¬ 
chines.  Performance  records  compiled 
at  these  machines  reveal  that  very 
satisfactory  results  have  been  obtained 
and  a  cost  saving  has  been  realized. 

The  fifth  group  consists  of  auto- 
niatic  shapers  that  are  equipped  with 
carbide  tipped  shaper  knives.  Several 
l.ittors  dc^termine  whether  or  not  suc¬ 
cess  can  be  obtained  with  these  knives 
v  hich  are  used  primarily  for  shaping 
t. Me  and  leaf  cover  mouldings.  The 
s  ne  precautions  apply  that  affect  the 
c  eration  of  regular  steel  knives,  in 
t  It  each  knife  must  be  adjusted  to 
r  move  an  equal  amount  of  material. 


Of  course  this  adjustment  is  critical 
with  either  type  of  knife  before  maxi¬ 
mum  efficiency  can  be  obtained  from 
any  set  of  shaper  knives. 

The  production  of  Masonite  and 
Formica  tables  has  been  greatly  influ¬ 
enced  by  the  use  of  double  flute  1/2  in. 
and  1^2  in.  diameter  carbide  tipped 
router  bits  attached  to  a  high  speed 
router.  The  abrasive  action  of  the 
binding  material  in  these  materials 
dulled  regular  high  speed  router  bits 
within  an  hour,  whereas  the  carbide 
tipped  router  bit  averages  twenty- 
seven  hours  in  regular  production  be¬ 
fore  resharpening  is  required.  Of 
course  carbide  tipped  router  bits  are 
not  superior  to  high  speed  steel  for 
every  application.  The  smaller  diame¬ 
ter,  steel  shank,  carbide  tipped  bits 
tend  to  fail  more  rapidly  than  the 
equivalent  steel  bit.  The  reason  for 
this  is  that  the  cross  section  of  steel 
in  the  carbide  bit,  that  is  available  to 
resist  torsionol  and  thrust  loads,  is 
considerably  smaller  than  in  the  steel 
bit,  and  the  result  is  that  the  smaller 
carbide  tipped  router  bits  tend  to  fail 
more  rapidly  under  relatively  small 
shock  loads.  Solid  carbide  bits  have 
not  been  used  in  production  to  this 
date;  however,  it  is  intended  to  study 
the  performance  characteristics  of  these 
tools  in  the  near  future. 

Other  applications  of  carbides  that 
are  now  beyond  the  experimental 
stage  are  machining  operations  that 
are  performed  on  cabinet  tables  after 
they  have  been  finished.  Steel  tools 
dulled  very  rapidly  because  of  the 
abrasive  qualities  of  both  a  thin  layer 
of  pumice  that  is  on  the  tables  at  this 
stage  of  production  and  the  finishing 
materials.  Here,  formed  carbide  tipped 
groovers  that  cut  the  hinge  seats,  full 
face  carbide  tipped  groovers  that  cut 
the  clearance  for  a  hinge  pin  and  car¬ 
bide  tipped  boring  bits  that  bore  the 
seat  for  the  sewing  machine  head 
hinge  have  been  used  to  replace  their 
steel  counterparts.  These  tools  were 
developed  with  the  aid  of  several 
manufacturers  of  carbide  tipped  wood¬ 
working  tools.  These  companies  manu¬ 
facture  carbide  tools  for  the  wood¬ 
working  and  non-ferrous  metals  in¬ 
dustries  and  this  plant  has  benefited 
from  the  experience  gained  in  their 
contacts  with  other  woodworking 
plants.  These  special  tools  have  been 
in  operation  for  approximately  the 
last  two  years  and  the  results  indicate 
that  a  large  saving  is  involved. 

Among  the  group  of  special  tools 
are  solid  steel  heads  with  carbide  tips 
that  are  used  on  shaping  attachments 
on  the  double  end  tenoners.  The 
application  of  these  two  and  three 
wing  cutters  has  simplified  the  set-up 
operation  of  the  machine  in  addition 
to  producing  a  saving  when  compared 


to  use  of  high  speed  steel  knives  for 
the  same  operations.  These  shaper 
heads  are  used  extensively  for  machin¬ 
ing  veneered  panels. 

A  bar  graph  illustrating  the  per¬ 
formance  of  carbide  tipp^  tools  at 
the  Singer  Plant  in  South  Bend  has 
been  prepared  and  it  accompanies  this 
summary  along  with  a  table  which 
lists  some  of  the  specifications  of  the 
tools  now  in  use.  The  cutting  tools 
listed  in  the  summary  are  those  that 
have  been  developed  to  a  satisfactory 
degree,  along  with  a  comparison  in 
the  form  of  a  cost  ratio  between  steel 
and  carbide. 

Factors  That  Influence  the  Perform¬ 
ance  of  Carbide  Cutting  Tools 

From  examinations  of  the  carbide 
tools  and  the  performance  records  at 
the  various  stages  of  development, 
some  interesting  observations  have 
been  made  and  are  listed  as  follows: 

1.  Shaper  knives  must  be  fitted 
with  one  piece  carbide  tips.  Two 
piece  tips  tend  to  chip  at  the 
point  where  they  are  joined. 
This  chipping  is  more  apparent 
when  the  shaping  is  performed 
on  veneered  panels  where  the 
glue  lines  multiply  the  tendency 
to  chip  the  carbide. 

2.  The  failure  of  a  carbide  tip  to 
remain  attached  to  the  steel  back¬ 
ing  can  be  reduced  to  a  negligi¬ 
ble  amount  through  proper  braz¬ 
ing  by  the  tool  manufacturer  be- 
for  the  tool  is  released  for  use 
in  production. 

3.  Improper  handling  of  the  car¬ 
bide  tipped  tools  by  the  set-up 
men  can  destroy  any  saving  po¬ 
tential  available  in  these  tools  by 
damaging  the  cutting  edge  and 
causing  the  carbide  to  break 
down  and  fail  in  operation. 

4.  In  most  applications,  the  feed 
speed  must  never  be  low  enough 
to  cause  overheating  of  the  saw. 
Very  fine  dust  particles  indicate 
a  low  feed  rate;  the  other  ex¬ 
treme  is  a  very  rapid  feed  which 
results  in  excessive  vibrations. 
The  correct  feed  lies  between 
these  two  points  and  can  be 
determined  by  actual  experi¬ 
mentation. 

5.  Special  applications  require  spe¬ 
cial  tools  which  must  be  devel¬ 
oped  by  trial,  since  general  rules 
cannot  be  stated  to  cover  all  the 
applications  of  the  carbide  tools 
at  the  present  time. 

6.  Carbide  tools  cannot  be  justified 
in  every  instance  and  at  times, 
such  as  the  use  of  small  router 
bits  that  are  subject  to  varying 
loads,  are  not  as  efficient  as  high 
speed  steel. 
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7.  Girbide  tools  must  not  be  run 
beyond  the  point  at  which  sharp¬ 
ening  is  required.  When  a  tool 
becomes  dull  there  is  a  tendency 
for  the  carbide  to  break  down 
at  a  rapid  rate.  This  statement 
applies  particularly  to  power 
feed  marines  where  a  tool  is 
sometimes  run  when  it  actually 
should  be  removed  for  resharp¬ 
ening.  This  statement  is  general 
and  applies  to  steel  cutting  tools 
as  well  as  carbide  on  power  feed 
machines. 

8.  Partitioned  storage  racks  in  con¬ 
venient  locations  will  provide 
adequate  protection  for  carbide 
tipped  saws  that  are  not  in  use. 

9.  The  condition  of  the  machine 
will  greatly  influence  the  per¬ 
formance  of  carbide  tools.  A  ma¬ 
chine  having  worn  bearings  or  a 
machine  subjected  to  vibration 
can  be  responsible  for  the  failure 
of  a  carbide  tool  to  perform 
satisfactorily.  Of  course  a  ma¬ 
chine  in  poor  condition  will  re¬ 
flect  in  the  performance  of  steel 
as  well  as  carbide  cutting  tools. 

Plan  for  Expanding  the  Use  of 

Carbide  Tipped  Cutting  Tools 

This  plant  experimented  with  car¬ 
bide  tipped  tools  for  production  ma¬ 
chining  as  early  as  1937,  although  no 
satisfactory  results  were  obtained  from 
then  up  until  1949.  It  was  only  until 
the  recent  years  that  any  degree  of 
success  was  apparent  and,  as  indicated 
by  this  summary,  this  success  has  re¬ 
sulted  in  the  economical  application 
of  a  large  number  of  tools.  A  program 
of  centralized  control  has  contributed 
greatly  to  the  proper  application  of 
the  cutting  tools  described  in  this 
paper.  It  has  been  found  that  the  full 
saving  available  from  the  use  of  car¬ 
bide  tools  can  be  measured  and  ob¬ 
tained  only  through  controlled  appli¬ 
cation.  The  use  of  carbide  at  our  plant 
has  grown  gradually  and  each  tool, 
before  being  specified  for  a  particular 
operation,  was  required  to  prove  that 
it  could  be  justified,  with  respect  to 
economy  and  performance,  within  a 
1000  hour  production  period.  Carbide 
tools  that  did  not  meet  these  require¬ 


ments  were  not  considered  acceptable. 
Our  plan  for  the  future  is  to  expand 
the  use  of  this  relatively  new  wood¬ 
working  tool,  but  only  to  the  extent 
that  the  economy  and  performance  of 
the  tool  meet  the  requirements  that 
have  been  established  by  this  plant. 

Discussion 

L.  A.  Patronsky  (Wabash  Screen 
Door  Co.)  Tool  maintenance  implies 
tooth  replacement.^  Are  you  now  or  do 
you  plan  to  do  repair  work  as 
sharpening? 

Mr.  Koczan:  No,  we  do  not  intend 
to  do  repair  work;  we  plan  to  re¬ 
sharpen  the  carbide  tools.  Repair  work 
will  be  done  by  outside  suppliers  of 
these  tools. 

Mr. _ Has  Singer  made  any 

comparisons  of  performance  between 
steel  and  carbide  tools  with  reference 
CO  chip  load? 

Mr.  Koczan:  We  have  made  some 
comparisons.  In  this  paper,  however, 
emphasis  has  been  on  comparing  the 
performance  of  standard  machines 
fitted  with  steel  tools  versus  standard 
machines  fitted  with  carbide  tools  un¬ 
der  actual  production  conditions  with 
no  change  in  the  normal  feed  and  op¬ 
erating  speed  of  the  machines. 

Mr  Patronsky:  Table  one  on  page 
two  of  Koczan’s  paper  gives  much 
information  on  efficiency  of  operation. 

C.  L.  Blair  (Mississippi  Products 
Co.):  You  stated  that  you  found  a 
saving  in  Carbide  Tipped  power  feed 
straight  line  rip  saws.  What  is  your 
chip  load  used  in  this  operation  on 
4/4  stock? 

Mr.  Koczan:  The  chip  loads  of 
various  machines  were  not  listed  in  this 
paper.  Tables  on  pages  two  and  three 
do  give  the  feed  speed  and  the  r.p.m. 
of  our  rip  saw  machines.  The  infor¬ 
mation  listed  in  these  tables  may  par¬ 
tially  answer  your  question. 

Mr.  Patronsky:  In  your  paper  you 
refer  to  hours  of  production.  Do  you 
find  that  these  vary  according  to  the 
species  of  wood  being  machined? 

Air.  Koczan:  The  performance  of 
the  tools  listed  in  this  paper  did  vary 
according  to  the  species  of  wood  be¬ 


ing  machined.  An  average  running 
time,  regardless  of  species,  was  listed 
in  the  paper,  for  the  reason  that  the 
nature  of  our  operation  requires  many 
species  of  wood  to  pass  through  the 
machining  operation  within  a  short 
period  of  time.  Therefore  the  average 
running  time  was  established  to  per¬ 
mit  a  running  time  cycle  to  be 
specified  for  a  particular  tool. 

O.  E.  Smith  (S.  A.  Wood  Co.) 
What  is  industry’s  experience  with 
gang  ripping  oak  flooring  at  250  feet 
per  minute? 

W.  /.  Tomford  (W.  B.  Stark  Co.) : 
We  have  been  successfully  operating  a 
gang  rip  at  120  feet  per  minute  usini 
higher  arbor  speeds  to  cut  chip  loaii 
on  1"  stock. 

Mr.  Chekouras:  Why  did  Singe  - 
start  with  solid  heads? 

Mr.  Koczan:  That  was  the  basis  o-' 
comparison.  We  had  long  been  using 
solid  heads. 

Richard  Erickson  or  R.  f.  Nordbv 
(Onsrud  Cutter  Company):  What 
success  have  you  had  in  use  of  spiral 
cutterheads?  We  have  settled  for  .i 
sheer  face  on  cutter  which  gives 
similar  effect  and  works  out  satisfac¬ 
torily. 

Mr.  Chekouras:  We  have  been  un¬ 
able  to  find  a  machine  to  manufacture 
spiral  cutterheads.  A  machine  was 
traced  and  when  finally  discovered 
was  completely  dismantled  and  of  no 
value  whatsoever.  Therefore,  we  do 
not  manufacture  spiral  heads  and 
stick  to  straight  or  sheer  cutters. 

Jack  Hampton  (Redco  Tool  Divi¬ 
sion,  Red  Lion  Cabinet  Company) : 
Our  company  has  since  1947  been 
producing  a  true  spiral  cutterhead 
with  carbide  knives  centrifugally  cast 
in  an  aluminum  alloy  body.  Of 
course,  the  condition  of  the  material 
such  as  moisture  content,  type  of 
wood  or  material,  and  other  general 
characteristics  have  a  lot  to  do  with 
the  type  cut  received  regardless  of  the 
design  in  the  cutterhead.  However,  it 
has  been  found  that  under  normal 
conditions  in  making  straight  cuts 
that  tearout  can  be  reduced  approxi¬ 
mately  90  per  cent  in  moulder,  joint¬ 
ers,  tenoner,  and  shaper  operations 
with  true  spiral  cutters. 
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High  Speed  Production  of  Flooring 

SYDNEY  R.  MILLER,  JR. 

Production  Engineer,  E.  L.  Bruce  Co.,  Memphis,  Tenn. 


Brief  description  of  an  oak  flooring  operation  is  given,  followed 
by  an  explonation  of  the  difference  between  a  normal  flooring 
operation  and  a  high  speed  operation.  Paper  outlines  the  parts 
played  in  a  high  speed  operation  of  the  raw  material,  the  human 
element  and  the  machinery  itself.  It  concludes  with  a  discussion  of 
what  high  speed  production  can  accomplish  and  points  up  the  fact 
that  patience  and  a  good  crew  are  a  “must"  in  such  a  high 
speed  plant. 


Introduction 

Green  Oak  must  be  air-dried  for 
at  least  90  days  before  it  is  suit¬ 
able  for  kiln  drying.  Depending  on 
the  type  of  kiln  and  the  time  of  year, 
kiln-drying  will  require  3  to  10  days. 
Next,  there  must  be  a  period  of  at 
least  24  hours  of  "cooling”  under  a 
shed,  after  which  the  kiln-dried  lum¬ 
ber  is  ripped  into  strips  on  a  gang 
ripsaw,  surfaced  and  run  through  a 
series  of  knot  saws  for  removal  of  de¬ 
fects  which  are  not  permissible  in 
hardwood  flooring.  After  passing 
thibugh  the  knot  saws,  the  flooring 
strips  are  fed  through  a  large  machine 
known  as  a  sidematcher  which  does 
everything  except  put  the  tongue  and 
groove  on  the  ends.  A  pair  of  special 
machines  known  as  endmatchers  per¬ 
form  this  final  operation.  Then  the 
flooring  goes  through  the  graders  and 
to  the  bundling  room  where  the 
strips  are  sorted  into  167  different 
"pigeonholes”  for  color,  grade  and 
length.  Finally,  as  each  "pigeonhole” 
accumulates  12  pieces,  a  bundle  of 
flooring  is  packaged.  Having  briefly 
reviewed  the  standard  flooring  opera¬ 
tion,  we  can  now  study  high  speed 
methods. 
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Definition  of  High  Speed 
Production  of  Flooring 

The  majority  of  flooring  plants  run 
at  180  to  190  lineal  feet  per  minute. 
This  feed  rate  was  established  years 
ago  by  some  of  the  larger  flooring 
plants  and  has  been  maintained  so 
steadfastly  and  so  widely  that  it  can 
be  referred  to  as  a  "standard”  opera¬ 
tion.  How  much  faster,  then,  is  high 
speed  operation.^  The  fastest  operation 
I  ever  saw  was  running  about  340' 
per  minute  and  was  averaging  18,000' 
lineal  per  hour.  In  order  to  average 
18,000  lineal  feet  per  hour,  the  ma¬ 
chine  had  to  run  at  a  feed  rate  equiva¬ 
lent  to  20,000'  per  hour  so  as  to  make 
up  for  the  various  items  of  "lost  time” 
occasioned  by  gaps  in  the  supply  of 
material  or  "lap-ups”  in  the  flooring 
machine  itself.  Our  company  has  been 
experimenting  with  high  speed,  and 
the  fastest  that  we  have  run  was  an  av¬ 
erage  of  19,367'  per  hour  for  two 
hours  on  some  exceptionally  good 
stock.  However,  it  is  our  belief  that 
such  speeds  are  impossible  with  aver¬ 
age  lumber  and  so  I  am  going  to  de¬ 
fine  a  "high  speed  flooring  operation” 
as  one  in  which  the  lineal  average 
maintained  is  somewhere  between 
15,000  and  16,000  feet  per  hour.  My 
reason  for  saying  this  lies  in  the  fol¬ 
lowing  fundamental  fact  about  a  high 
speed  flooring  operation.  In  most 
"standard”  operations,  approximately 
90  percent  of  the  knot  sawing  is  done 
before  the  lumber  is  fed  through  the 
sidematcher,  thus  giving  an  assortment 
of  short  and  long  pieces  which  must  be 
fed  at  the  rate  of  aTOut  45-50  per  min¬ 
ute  in  order  to  keep  the  sidematcher 
running  steadily.  By  contrast,  only 


about  50  percent  of  the  knot  sawing 
can  be  done  prior  to  feeding  in  a  high 
speed  operation,  since  it  is  physically 
impossible  to  keep  a  high  speed  ma¬ 
chine  runniijg  steadily  on  short  pieces 
of  lumber.  Accordingly,  in  a  high  speed 
operation,  a  certain  amount  of  the 
knot  sawing  is  deliberately  deferred. 
This  means  a  certain  amount  of  extra 
wood  waste  is  put  through  the  side¬ 
matcher  in  order  to  have  longer 
lengths  to  feed.  In  the  case  of  the 
ultra-fast  operation  mentioned  earlier, 
only  about  10  percent  of  the  knot  saw¬ 
ing  was  being  done  prior  to  feeding 
because  that  machine  took  the  lumber 
so  fast  that  you  could  not  keep  it  run¬ 
ning  steadily  unless  you  fed  long  floor¬ 
ing  strips  almost  exactly  as  they  came 
from  the  ripsaw.  What  such  knot  saw¬ 
ing  and  feeding  practices  will  do  to 
your  waste  is  so  fearful  that  it  is  the 
basis  for  our  belief  that  a  high  speed 
operation  should  not  be  in  excess  of 
15,000  to  16,000'  per  hour.  We  be¬ 
lieve  that,  at  this  speed,  we  are  able 
to  do  sufficient  knot  sawing  before  the 
sidematcher  to  permit  the  feeder  to 
get  the  utmost  out  of  his  lumber  with 
respect  to  grade-yield  and  minimum 
waste.  A  faster  speed  than  16,000  ft. 
per  hour,  we  have  found,  will  in¬ 
evitably  result  in  wasteful  feeding,  ex¬ 
cessive  lap-ups  in  the  machine  and, 
usually,  poor  grading  resulting  froro 
a  fluctuating  flow  of  material.  A  plant 
running  very  high-grade  lumber  might 
successfully  run  faster,  but  not  plants 
running  lumber  which  will  be  a  mix¬ 
ture  of  No.  1  Common,  No.  2  Com¬ 
mon  and  3A  Common  grades  with 
a  small  percentage  of  a  special  grade 
of  3B  Common.  It  is  based  on  using 
such  lumber  that  I  restrict  my  speed 
to  15,000  to  16,000  ft.  per  hour.  Now 
then,  what  production  do  you  get  from 
a  high  speed  operation  ? 

Production  from  a  High 
Speed  Unit 

The  story  on  production  can,  per¬ 
haps,  best  be  told  in  tabular  form  as 
in  Table  1 . 
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Average  lineal  feet  per  minute 

180. . 

233. _ _ _ 

267 . . 


Table  1 


Lineal 
average 
per  hour 

% 

Increase 

Lineal 

run: 

8  hours 

Bd.  ft. 

2H  in.: 

8  hours 

Bd.  ft. 
per 
hour 

10,800 

14,000 

16,000 

29.6% 

48.1% 

86,400 

112,000 

128,000 

18,750 

24,300 

27,800 

2,344 

3,038 

3,475 

Figures  shown  in  colunm  four  are 
actual  machine  run.  Columns  one  and 
two  were  obtained  by  working  back¬ 
wards  from  column  four.  Columns  five 
and  six  are  the  yield  figures  corre¬ 
sponding  to  the  machine  run  figures. 
But  wait,  let’s  take  a  little  closer  look 
at  some  of  the  factors  involved. 

Raw  Material  Versus  High 
Speed  Operation 

There  is  a  tendency  on  the  part  of 
those  not  directly  engaged  in  the  pro¬ 
duction  of  flooring  to  lose  sight  of  the 
fact  that  we  are  not  dealing  with  a 
predictable  raw  material.  In  steel,  for 
example,  man  compounds  the  exact 
proportions  of  iron  ore,  carbon  and 
associated  materials  so  that,  when  the 
steel  reaches  the  machine  shop,  it  is  a 
raw  material  whose  properties  and  be¬ 
havior  can  be  exactly  forecast  under 
any  given  set  of  circumstances.  A  floor¬ 
ing  plant,  on  the  other  hand,  is  deal¬ 
ing  with  a  raw  material  grown  in  the 
forest  and  subject  to  such  a  wide  varia¬ 
tion  in  drying  qualities,  internal 
stresses,  strength,  hardness  and  a  myr¬ 
iad  other  properties  that  you  are  safe 
in  saying  that  no  two  boards  are  ex¬ 
actly  alike.  What  this  means  in  just 
one  phase  of  operation  was  demon¬ 
strated  during  a  test  run  made  not  long 
ago.  Rough  Oak  lumber  of  about  26 
percent  moisture  content  was  placed 
in  a  series  of  natural-draft  kilns  and 
was,  ostensibly,  dried  to  a  moisture 
content  of  5  percent.  Then,  while  the 
stock  was  being  run,  453  pieces  were 
picked  out  and  given  an  oven  test  to 
determine  what  moisture  content  they 
had  actually  reached  as  a  result  of  the 
kiln  drying.  Because  of  the  natural 
variations  in  every  board,  and  because 
of  the  normal  mixture  of  plain-sawn 
and  quarter-sawn  boards,  there  was  a 
range  of  from  2  percent  to  15  percent 
in  moisture  content.  The  lumber  that 
was  too  dry  constituted  an  added  haz¬ 
ard  in  a  high  speed  flooring  operation 
that  it  makes  the  lumber  far  more 
brittle  than  usual  and  gives  rise  to  an 
excessive  number  of  lap-ups  and  the 
possibility  of  torn  grain  in  the  face 
work.  Most  lumber  above  5  percent 
is  not  a  problem.  Our  company  likes 
to  ship  the  finished  product  at  about 
8  percent  moisture  content,  which  is 
nearly  a  median  point  in  the  moisture 
range  of  flooring.  If  the  relative  hu¬ 
midity  in  a  location  is  28  percent, 
flooring  will  stabilize  at  about  6I/2 
percent  moisture  content,  while  at  72 
percent  relative  humidity,  the  flooring 


will  stabilize  at  14  percent.  However, 
lumber  is  handled  so  quickly  in  a 
high  speed  unit  that,  unless  you  have 
very  close  supervision,  those  occasional 
boards  which  come  through  at  10  per¬ 
cent  to  15  percent  can  be  through  the 
machine  and  gone  into  flooring  be¬ 
fore  you  catch  them. 

A  "standard”  unit,  with  its  slower 
speed,  will  not  "lap-up”  as  badly  on 
the  over-dried  lumber.  The  knot  saw¬ 
yers,  because  the  unit  is  setting  a 
slower  pace,  will  usually  catch  and 
throw  out  those  boards  which  are 
slightly  heavy  for  proper  use.  Similar 
examples  could  be  cited,  but  the  prob¬ 
lem  comes  down  to  the  one  fact  that 
lumber  is  an  extremely  variable  raw 
material.  The  faster  it  is  handled,  the 
more  such  variation  offsets  operation. 
This  fact  bears  directly  on  the  ques¬ 
tion  of  the  human  element  in  a  high 
speed  operation. 

The  Human  Element  in  a  High 
Speed  Operation 

Many  people  think  of  a  high  speed 
operation  as  one  in  which  every  man 
present  is  working  at  maximum  phys¬ 
ical  speed  and  that  such  a  plant  over¬ 
works  its  men.  To  the  contrary,  in  our 
operation,  we  literally  "overwork”  the 
sidematcher  itself  with  a  high  feed 
rate,  but  we  spread  out  the  human 
work  so  that  no  man  works  harder 
than  he  would  in  a  "standard”  opera¬ 
tion.  Our  reason  for  doing  this  is 
basic.  The  faster  knot  sawyers  and 
feeders  have  to  make  decisions  re¬ 
garding  the  proper  method  of  cutting 
the  lumber  and  feeding  it,  the  more 
it  is  necessary  to  supervise  the  opera¬ 
tion  and  the  more  possibility  there  is 
for  human  error  to  creep  in.  Some  idea 
of  how  this  increased  speed  increases 
the  number  of  pieces  to  be  handled  is 
shown  in  table  2. 

Table 

Av.  lineal  ft./min _ 

Pcs. /min.  to  feed  sidematcher _ _ _ 

Pcs./min.  to  1st  endmatcher _ 

Pcs./min.  to  graders _ 

Pcs./min.  to  rack  punchers _ 

Obviously,  the  faster  the  flooring  ma¬ 
chine  is  run,  the  more  pieces  per  min¬ 
ute  must  be  handled  at  each  point.  In 
some  places,  such  as  feeding  the  side¬ 
matcher,  there  simply  isn’t  room  to 
add  men,  and  so  it  is  important,  as 
explained  earlier,  to  keep  down  the 
number  of  pieces  per  minute  that  must 
be  handled.  In  other  locations,  how¬ 


ever,  additions  of  machinery  or  differ¬ 
ent  arrangements  will  permit  the  ag¬ 
gregate  handling  of  more  pieces  per 
minute  by  distributing  them  among 
more  men;  so  it  follows  that,  every 
time  you  speed  up  a  flooring  opera¬ 
tion,  you  must  add  men.  To  a  certain 
extent,  the  number  of  men  you  must 
add  can  be  held  down  by  using  a 
higher  grade  of  lumber  but  there  arc 
obviously  strict  economic  limitations 
in  this  direction.  Therefore,  it  remains 
basically  true  that  the  balance  between 
men  working  and  the  quality  of  the 
raw  material  itself  constitutes  one  of 
the  governing  factors  in  the  manufac¬ 
ture  of  flooring.  To  explain  further,  1 
recall  very  clearly  a  flooring  plant  i  i 
which  we  were  scheduled  to  ru.i 
14,000  ft.  lineal  per  hour.  We  at¬ 
tempted  to  do  this  using  nothing  bi  t 
No.  2  Common,  3 A  Common  and  3H 
lumber.  The  very  best  we  were  able 
to  do  with  the  men  allowed  was  some¬ 
where  in  the  neighborhood  of  12,00  ) 
lineal  feet  per  hour.  Then,  one  da;,, 
we  slipped  in  a  load  of  lumber  coi.- 
taining  about  20  percent  of  No.  I 
Common.  That  flooring  plant  simpl/ 
"changed  its  spots”  while  you  looked 
at  it.  We  were  able  to  raise  the  speed 
to  14,000  ft.  an  hour  immediately 
without  adding  a  man  or  changing 
any  machinery. 

I  once  saw  a  flooring  plant  running 
at  180  ft.  per  minute  and  producing 
about  17,000  bd.  ft.  of  flooring  per 
day  with  exactly  17  men.  The  lumber 
was  so  perfect  that  it  required  only 
one  knotsaw  in  the  plant,  which  pro¬ 
duced  67  to  75  percent  of  Select  and 
Better  flooring  day  in  and  day  out. 
There  was  nothing  unusual  about  this 
plant.  The  lumber  was  so  perfect  that 
there  was  little  knotsawing  to  be  done, 
with  relatively  few  pieces  to  be  han¬ 
dled  all  along  the  line.  It  was  there¬ 
fore  possible  to  do  the  job  with  a 
small  number  of  men.  This  operation 
points  up  the  fact  that  it  is  a  measure 
of  the  number  of  pieces  to  be  handled 
that  determines  how  fast  you  make 

2 


180 

250 

320 

45-55 

46-  57 

.54-  60 

65-70 

80-  90 
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flooring.  To  obtain  a  given  product  in 
rate,  it  is  necessary  either  to  inerr  ’.se 
the  number  of  men  or  to  increase  he 
grade  of  flooring  lumber  being  u-  d, 
and,  since  the  lumber  is  not  geti  ng 
any  better  as  the  years  pass,  it  is  oi  vi- 
ous  that  higher  production  rates  ue 
generally  obtained  only  by  add  ng 
men  and  machines. 
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Machinery  Performance  at  High 
Production  Rates 

By  and  large,  the  electric  flooring 
n,.ichines  in  use  today  are  heavy 
t.'.ough  to  take  the  punishment  in- 
\  lived  in  a  high  production  rate.  One 
0"  the  most  "punished”  pieces  of  ma- 
( i  .inery  in  a  flooring  plant  is  the  heavy 
L  iiig  ripsaw.  When  this  machine  was 
ij' signed  and  built,  the  maximum 
..inount  of  lumber  ripped  was  between 
000  and  3,500  bd.  ft.  per  hour. 
1'oday,  the  machine  handles  4,800  to 
?  500  bd.  ft.  per  hour,  yet  that  saw 
sunds  up  beautifully.  The  same  thing 
c.in  be  said  about  the  sidematcher  and 
the  endmatchers.  Fundamentally,  they 
are  all  rugged  enough;  however,  there 
are  some  component  parts  that  have 
needed  improvement. 

In  our  case,  we  have  replaced  almost 
all  cast  iron  gears  with  steel,  and  we 
have  developed  a  method  of  putting 
Sterlite  (a  very  hard  welding  com¬ 
pound)  on  our  bedplates,  receiving 
bars,  pressure  bars  and  sidehead  dogs. 
Also,  we  are  presently  experimenting 
with  a  means  to  put  this  same  hard 
compound  on  our  rollers  in  an  effort 
to  prolong  their  life.  An  example  of 
the  effectiveness  of  this  program  lies 
in  the  fact  that  we  used  to  change  bed¬ 
plates  on  a  high  speed  sidematcher 
about  once  a  month,  whereas  the  pres¬ 
ent  Sterlited  bedplate  was  installed  18 
months  ago  and  is  still  in  good  condi¬ 
tion.  Obviously,  the  using  of  steel 
gears  and  extra-hard  surfaces  reduces 
the  amount  of  overtime  maintenance 
required  to  keep  the  machine  operat¬ 
ing  properly.  However,  it  also  has  the 
extra  advantage  of  insuring  more  re¬ 
liable  operation  during  each  working 
day  that  the  plant  runs. 

Speed  Control 

We  have  been  installing  variable- 
speed  drives  on  our  sidematchers. 
Through  the  use  of  such  variable- 
speed  drives,  we  can  slow  down  the 
sidematcher  if  we  hit  a  bunk  of  bad 
lumber  and  then  speed  it  up  when  we 
hit  a  bunk  of  good  lumber,  yet  we 
never  lose  a  second  of  production  time 
in  making  such  changes.  As  a  result, 
we  are  able  to  maintain  a  constant 
flow  of  pieces  to  the  key  men  in  our 
plant  and,  thus,  are  able  to  keep  them 
operating  at  maximum  productivity 
witl’out  overworking  them  at  any  time. 
Siirple  as  this  improvement  sounds. 
We  have  found  that  it  is  one  of  the 
mo  c  useful  tools  in  our  flooring  op¬ 
era  ons  today,  and  we  are  presently 
ent  ’ged  in  supplying  a  majority  of 
our  units  with  such  variable-speed 
drr  s. 


Cutters  and  Knives 

Our  company  ran  a  series  of  tests 
on  knives  and  cutters  in  an  effort  to 
learn  what  might  be  expected  from 
those  we  are  currently  using.  We 
learned  that  the  average  run  for  a  set 
of  10  in.  flat  knives  used  in  the  bot¬ 
tom  cylinder  of  a  "standard  speed” 
sidematcher  was  about  38  hours.  In 
the  case  of  sidehead  cutters,  w'e  tested 
5  different  makes  and  obtained  runs 
that  varied  from  29  to  37  hours.  What 
this  amounts  to  is  better  shown  with 
this  set  of  figures.  In  38  hours,  the 
machine  ran  410,400  lineal  feet.  With 
10  knife  marks  to  the  inch  and  8  knives 
in  the  cylinder,  each  knife  made 
6,156,000  cuts  between  grindings. 
However,  as  satisfactory  as  our  present 
cutters  and  knives  are,  it  would  un¬ 
doubtedly  be  an  improvement  to  have 
some  that  would  run  even  longer. 
Neither  our  cutterheads  nor  our  thin 
knives  will  run  a  40-hour  week  with¬ 
out  changing.  With  cutterheads  and 
knives  that  average  29  to  38  hours  be¬ 
tween  grindings,  there  inevitably  comes 
a  time  toward  the  end  of  the  run  when 
the  work  being  done  by  that  cutterhead 
becomes  doubtful,  yet  the  machine  man 
attempts  to  stretch  it  out  until  quitting 
time  in  order  to  gc-t  a  good  run.  Fur¬ 
thermore,  with  a  freshly-ground  set  of 
sidehead  cutters,  the  average  machine 
man  will  often  start  off  with  a  slightly 
oversized  match  of  the  tongue  and 
groove  because  he  knows  that,  when  he 
joints  one  more  time,  the  match  will  be 
just  about  right.  Our  company  has  ex¬ 
perimented  from  time  to  time  with 
carbide  cutters  and,  so  far,  has  found 
them  unsuccessful  because  of  our  in¬ 
ability  to  joint  them  or  to  keep  the 
carbide  tips  from  breaking  loose.  How¬ 
ever,  I  believe  the  day  will  come  when 
such  cutters  will  be  perfected  and  en¬ 
tirely  successful.  Then  the  "down  time” 
for  jointing,  opening  or  closing  the 
match,  or  replacing  dull  knives  will  be 
reduced  to  the  absolute  minimum  and 
the  work  done  will  be  uniformly  good. 

However,  every  time  I  think  about 
present-day  costs  of  carbide,  I  wonder 
if  they  will  ever  be  cheap  enough  to 
risk  in  a  flooring  operation.  A  short 
time  ago,  I  was  standing  beside  a  floor¬ 
ing  matcher  when  the  set  screw  fell 
out  of  the  pineapple  infeed-roll  and 
landed  exactly  crosswise  between  two 
flooring  strips.  That  threaded  set 
screw  corrugated  both  the  top  and 
bottom  knives  as  perfectly  as  you 
could  ask.  Knowing  how  brittle  the 
brazing  in  carbide  tools  is,  I  shudder 
to  think  what  might  have  happened  to 
an  expensive  group  of  knives  had  they 
been  in  there  at  that  time.  Nor  is  that 
an  isolated  instance.  We  often  run  into 
nails,  bullets,  pieces  of  porcelain  insu¬ 
lator  and  barl^d  wire,  around  which 


the  tree  has  grown,  but  which  are  hid¬ 
den  to  the  eye  until  they  go  through 
the  flooring  machine.  However,  I  am 
hopeful  that  it  will  not  be  too  far  off 
before  carbide  tools  will  do  such  a  job 
without  faltering.  Recently,  a  metal 
light  dome  fell  down  into  a  large 
carbide-tooth  saw  we  were  running  on 
a  double  end  trimmer.  The  saw  sliced 
through  that  fixture  and  kept  right  on 
going  without  losing  a  tooth  nor  im¬ 
pairing  the  work  it  was  doing.  Several 
years  ago  that  would  not  have  been 
true,  and  so  I  am  very  optimistic  for 
the  future.  So  much  for  the  machinery 
phase  of  this  high  speed  production 
of  flooring. 

What  High  Speed  Production 
Accomplishes 

After  observing  one  plant  operat¬ 
ing  at  14,000  ft.  per  hour  and  another 
at  16,000  ft.  per  hour,  I  have  reached 
several  conclusions.  As  mentioned 
earlier,  there  are  many  more  "head¬ 
aches”  involved  in  gt*tting  adequate 
lumber  ripped,  holding  down  waste, 
coordinating  the  steady  flow  of  mate¬ 
rials,  obtaining  a  good  grading  job 
and  then  getting  it  properly  bundled 
and  into  the  warehouse.  That  is  in¬ 
herent  when  any  operation  is  speeded 
up  appreciably.  However,  there  seem 
to  be  some  definite  benefits.  Each  of 
the  operations  where  we  have  in¬ 
creased  speed  is  a  single-unit  plant. 
Prior  to  increasing  the  production  rate, 
costs  were  as  much  as  30  percent 
higher  than  comparable  costs  at  multi¬ 
ple-unit  plants.  Since  the  increase  in 
production,  costs  are  now  comparable 
to  and  some  times  slightly  lower  than 
the  multiple  unit  plants.  True,  a 
single-unit  plant  running  at  "standard 
speed”  on  high-grade  lumber  and  with 
a  minimum  of  personnel  will  show 
the  lowest  operating  costs  of  all,  but 
I  am  assuming  that  most  flooring  op¬ 
erations  have  to  contend  with  lower 
and  lower  grades  of  lumber  as  the 
years  go  by,  while  only  a  very  few 
plants  are  still  privileged  to  have  beau¬ 
tiful  lumber  in  any  great  quantity. 
Therefore,  if  you  can  lower  your  costs 
to  a  figure  that  comparers  well  with  a 
multiple-unit  plant,  I  think  you  have 
done  something. 

But  there  is  still  another  factor. 
That  is  the  added  quantity  you  have 
to  sell.  Assuming  you  sell  it  all  at  the 
same  margin  of  profit  as  before  you 
increased  production,  it  is  obvious  that 
you  take  care  of  your  fixed  overhead 
and  have  a  chance  to  net  more,  simply 
because  you  have  more  footage  on 
which  to  make  a  profit.  An  "intan¬ 
gible”  is  the  morale  of  the  crew.  They 
seem  to  take  pride  in  belonging  to  a 
(Continued  on  page  228) 
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The  double-diffusion  method  of  treating  wood  consists  of  soak¬ 
ing  green  wood  in  an  aqueous  solution  of  one  chemical,  then  in  an 
aqueous  solution  of  another  chemical.  The  two  chemicals  diffuse 
into  the  wood  and  react  to  form  a  precipitate  that  is  toxic  to  fungi 
and  termites.  Favorable  results  were  obtained  with  posts  set  in  the 
soil  for  1 1  Vz  years  in  an  area  of  high  decay  and  termite  hazard. 

This  report  summarizes  the  results  of  studies  of  the  absorption 
and  distribution  of  chemicals  in  pine  posts  given  the  double-diffusion 
treatment  by  standing  them  upright  in  barrels.  The  effects  of  certain 
treating  variables — nature  of  the  chemicals,  strength  of  solutions, 
treating  times,  temperature,  and  species  of  wood — are  discussed. 

A  review  of  earlier  work  on  this  method  and  a  brief  discussion 
of  its  possible  advantages  and  disadvantages  are  given  to  help 
explain  the  objectives  of  the  work  described. 

This  report  is  written  primarily  for  those  who  have  a  scientific 
interest  in  wood  preservation.  It  may  serve  as  a  general  guide  to  other 
investigators  who  may  wish  to  place  double-diffusion-treated  posts  in 
their  test  plots. 


For  a  number  of  years  the  Forest 
Products  Laboratory  has  been  in- 
vestigating^  the  double-diffusion 
method  of  wood  preservation  in  an 
attempt  to  find  a  treatment  that  can 
be  applied  with  simple  equipment  and 
without  heat,  yet  one  that  gives  long- 
lasting  protection  even  when  the  wood 
is  used  under  severe  leaching  condi¬ 
tions. 

In  the  double-diffusion  method, 
green  wood  is  soaked  in  an  aqueous 
solution  of  one  chemical,  then  in  an 
aqueous  solution  of  another  chemical. 
The  two  chemicals  diffuse  into  the 
wood,  then  react  to  form  an  insoluble, 
toxic  precipitate. 

1  Maintained  at  Madison,  Wis.,  in  coopera¬ 
tion  with  the  University  of  Wisconsin. 

•  This  project  was  conducted  partially  under 
Research  and  Marketing  Act  funds.  The  author 
gratefully  acknowledges  the  assistance  of  H.  G. 
Roth  of  the  Forest  Products  Laboratory  and 
George  Fahlstrom  and  Jean  Baernstein,  for¬ 
merly  of  the  Forest  Products  Laboratory,  in  the 
conduct  of  these  tests. 
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In  this  report  the  word  "diffusion” 
is  used  in  its  broader  sense  to  denote 
spontaneous  spreading  of  either  the 
solute  or  the  whole  solution.  In  phys¬ 
ical  chemistry  the  term  is  restricted  to 
the  movement  of  isolated  molecules 
of  a  solute  through  a  solvent;  the  lat¬ 
ter  phenomenon  is  referred  to  in  this 
report  as  "true  diffusion.” 

When  waterlogged  wood  is  im¬ 
mersed  completely  in  an  aqueous  solu¬ 
tion,  the  movement  of  the  solute  into 
the  wood  is  an  example  of  true  dif¬ 
fusion.  Green  wood,  however,  is  not 
waterlogged;  it  contains  air  spaces, 
and,  when  it  is  completely  immersed 
in  a  solution,  the  ingress  of  the  solute 
is  influenced  by  a  certain  amount  of 
internal  movement  of  the  whole  solu¬ 
tion.  When  green  wood  is  only  par¬ 
tially  immersed  in  a  solution,  some 
of  the  solution  rises  by  capillary  action 
into  the  unsubmerged,  or  emergent, 
part  of  the  piece.  This  movement  is 
accelerated  by  evaporation  of  water 
from  the  emergent  portion. 

When  two  chemicals  that  are  capable 
of  reacting  to  form  a  precipitate  are 

*  In  addition  to  the  desired  toxic  precipitate, 
another  compound  is  formed  as  a  byproduct  of 
each  reaction.  These  byproducts  are  of  no  in¬ 
terest  because  they  are  soluble  and  are  not 
toxic  to  fungi  or  termites. 


allowed  to  diffuse  into  green  woo  l, 
their  individual  diffusion  pressures  de¬ 
crease  as  the  reaction  takes  place.  On.y 
the  unreacted  portion  of  whichev  r 
chemical  is  in  excess  will  retain  appre¬ 
ciable  motility.  This  drop  in  diffusion 
pressure  along  with  mechanical  hin¬ 
drance  by  the  precipitate  was  reco:;- 
nized  at  the  outset  as  a  possible  bar¬ 
rier  to  the  attainment  of  a  satisfactory 
distribution  of  the  precipitate.  The  ob¬ 
jective  of  much  of  the  work  was  to 
find  conditions  that  would  lead  to  the 
best  distribution  possible  in  a  treat¬ 
ment  of  this  type. 

It  is  apparent  that,  while  the  double¬ 
diffusion  treatment  can  be  described 
in  simple  terms,  the  theoretical  aspects 
are  involved.  A  detailed  fundamental 
study  of  such  systems  has  not  been 
undertaken. 

This  method  offers  certain  advan¬ 
tages  and  disadvantages  when  com¬ 
pared  with  other  methods.  Some  of  the 
advantages  are: 

1.  Only  simple  equipment  is  re¬ 
quired. 

2.  No  heat  is  required. 

3.  The  chemicals  that  can  be  u,sed 
are  relatively  inexpensive. 

4.  The  operator  needs  no  technical 
training  or  experience. 

5.  The  cost  of  transporting  the  in¬ 
gredients  of  the  treating  solu¬ 
tion  to  the  site  of  treatment  is 
low  because  water  is  used  as  ihe 
solvent;  the  active  ingredants 
are  dry  solids  that  can  be  shipped 
in  light,  inexpensive  contain  rs, 
such  as  multiwall  paper  bag'. 

6.  In  contrast  to  wood  treated  v'lth 
a  single  water-soluble  chemi  al, 
double  diffusion-treated  w  od 
appears  to  retain  its  resistano  to 
decay  under  wet  conditions. 

7.  The  treated  wood  is  clean,  ocor- 
less,  and  paintable. 

8.  Because  green  wood  is  used,  the 
handling  and  storage  required 
for  seasoning  are  eliminat'd. 
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This  also  avoids  losses  due  to 
decay  that  may  occur  during  sea¬ 
soning. 

Some  disadvantages  of  the  method 

i.re: 

1.  The  fact  that  the  treatment  is 
applied  to  green  wood  has  been 
cited  as  an  advantage.  This  may 
also  be  a  disadvantage  in  that 
prompt  treatment  after  cutting 
may  not  be  convenient. 

2.  The  treatment  cannot  be  applied 
in  freezing  weather  unless  the 
equipment  is  heated,  a  require¬ 
ment  that  would  detract  from  the 
simplicity  of  the  operation. 

3.  Considerable  time  is  required  to 
obtain  the  absorptions  that  are 
believed  to  be  necessary.  This 
may  be  relatively  unimportant 
in  the  treatment  of  low-cost 
forms  of  wood,  such  as  fence 
posts,  in  inexpensive  equipment, 
such  as  barrels,  but  would  con¬ 
stitute  a  more  serious  drawback 
in  the  treatment  of  such  items  as 
lumber  and  poles  in  more  costly 
containers. 

4.  In  contrast  to  treatment  with  oil 
preservatives,  the  double-diffu¬ 
sion  treatment  affords  no  me¬ 
chanical  protection  from  weath¬ 
ering  or  checking. 

5.  As  compared  with  a  treatment 
with  a  single  chemical,  the 
method  requires  a  second  con¬ 
tainer,  a  second  solution,  and 
additional  handling  of  the  wood. 

In  view  of  these  advantages  and 
disadvantages,  the  method  appears  to 
be  more  practical  for  some  products 
and  for  some  geographical  areas  than 
for  others. 

The  first  studies'*  of  this  method 
consisted  of  laboratory  leaching  and 
decay  tests  of  blocks  cut  from  near 
the  outside  of  short  sections  of  posts 
that  had  been  treated  with  several 
combinations  of  chemicals.  Chemical 
analyses  of  blocks  before  and  after 
severe  leaching  showed  that  the  pre¬ 
cipitates  were  highly  permanent  under 
these  conditions.  Laboratory  decay 
tests  of  the  leached  blocks  showed 
that  they  were  resistant  to  attack  by 
several  wood-destroying  fungi. 

Field  tests  were  started  on  wood 
treated  with  several  combinations  that 
had  given  encouraging  results  in  the 
laboratory.  Fence  posts  were  chosen  as 
the  principal  test  material,  partly  be- 
caii'C  of  their  low  cost  and  partly  be- 
cai  ic  several  features  of  the  method 
pc  oted  to  the  treatment  of  fence  posts 

‘  lechler,  R.  H.  Resistance  to  Leaching  and 
Protection  of  Various  Precipitates  Formed 
jn  A  ood  by  Double  Diffusion.  Proc.  AWPA 
p*'  37  pp.  23—31  (1941).  Forest  Products 

La  atory  Report  No.  R1290,  7  pp. 


as  a  likely  field  of  usefulness.  It  was 
recognized  that  such  treatment  might 
be  made  on  a  farm  by  an  individual 
farmer  or  at  a  cooperatively  owned  or 
commercial  plant.  If  the  treatment 
were  made  on  a  farm,  barrels  or  used 
oil  drums  would  be  the  containers 
most  easily  obtained,  in  which  case 
the  posts  standing  in  the  containers 
would  be  only  partly  submerged  in 
the  solutions.  If  the  treatment  were 
made  in  a  plant,  complete  immersion 
of  the  posts  in  solutions  contained  in 
tanks  would  be  the  most  likely  proce¬ 
dure.  It  was  decided  to  use  this  second 
method  in  treating  the  first  series  of 
test  specimens. 

Field  Test  Encouraging 

In  the  spring  of  1941,  a  group  of 
100  green,  peeled,  southern  pine  posts 
were  treated  with  copper  sulfate  fol¬ 
lowed  by  sodium  arsenate,  the  aim  be¬ 
ing  to  deposit  copper  arsenate  within 
the  wood.  After  being  seasoned,  these 
posts  were  installed  in  a  test  fence  in 
the  Harrison  Experimental  Forest  near 
Saucier,  Miss.  Late  in  1941,  some  2- 
by  4-inch  stakes,  18  inches  long,  were 
treated  by  complete  immersion  in  cop¬ 
per  sulfate,  then  some  were  immersed 
in  sodium  arsenate  solution  and  the 
rest  in  sodium  chromate  solution.  This 
series  was  designed  to  compare  the 
effectiveness  of  copper  arsenate  and 
copper  chromate. 

While  this  is  not  a  report  on  the 
results  of  field  tests,  it  may  be  stated 
that  after  11  years  the  performance  of 
these  test  posts  and  stakes  has  been 
highly  encouraging.  Only  one  failure 
has  occurred  and  only  a  small  percent¬ 
age  of  test  specimens  have  shown 
attack.®*  * 

This  investigation  was  interrupted 
by  World  War  11.  When  non-military 
projects  were  resumed  after  the  war, 
it  was  decided  that,  because  of  an  in¬ 
creased  interest  in  the  possibility  of 
treating  posts  satisfactorily  on  the 
farm,  first  attention  should  be  given 
to  a  study  of  the  method  using  bar¬ 
rels.  This  made  it  necessary  to  defer 
further  experiments  on  full-immersion 
treatments  of  posts  in  tanks  and  treat¬ 
ments  of  other  wood  products. 

The  effectiveness  of  any  preserva¬ 
tive  treatment  of  wood  depends  upon 
the  nature  of  the  preservative  and  the 
thoroughness  of  the  treatment;  that  is, 
the  amount  of  the  preservative  re¬ 
tained  and  its  distribution.  The  results 
on  posts  treated  by  the  barrel  method, 
therefore,  could  not  be  translated  di¬ 
rectly  into  results  that  might  be  ob- 

•  Blew,  J.  O.  Comparison  of  Wood  Preserva¬ 
tives  in  Mississippi  Post  Study  (1952  Progress 
Report).  Forest  Products  Laboratory  Report  No. 
R1757.  13  pp. 

•  Blew,  J.  O.  Comparison  of  Wood  Preserva¬ 
tives  in  Stake  Tests  (1952  Progress  Report). 
Forest  Products  Laboratory  Report  No.  R1761, 
35  pp.  Ulus. 


tained  by  complete  immersion  in 
tanks,  nor  would  they  show  the  exact 
service  life  that  might  be  obtained 
from  products  of  other  size,  shape,  or 
species  when  treated  with  the  same 
chemicals.  However,  it  was  believed 
that  field  tests  on  the  treated  posts 
would  serve  to  compare  the  different 
chemical  combinations  among  them¬ 
selves  and  also  give  some  idea  of  how 
the  more  effective  combinations  ap¬ 
plied  by  the  barrel  method  compare 
with  standard  preservatives  applied  by 
a  pressure  process.  This  would  show 
whether  the  basic  principle  was  suffi¬ 
ciently  promising  to  justify  the  cost 
of  a  more  thorough  investigation  that 
would  involve  its  application  to  vari¬ 
ous  products  and  by  various  means. 

With  this  general  plan  in  view, 
most  of  the  treatments  to  date  have 
been  confined  to  barrel  treatments  of 
pine  posts.  Since  1946  a  number  of 
treatments  have  been  made  in  the 
field,  and  the  posts  have  been  installed 
in  tests.  They  will  be  inspected  an¬ 
nually  and  reports  of  inspections  will 
be  published  periodically. 

Other  smaller-scale  treatments  have 
been  made  in  Madison  and  the  posts 
have  been  analyzed  to  determine  the 
absorption  and  distribution  of  chem¬ 
icals  obtained  under  different  condi¬ 
tions.  The  data  in  this  report  have 
been  obtained  chiefly  by  means  of 
these  small-scale  laboratory  treatments. 

The  main  variables  in  these  tests 
have  been  the  chemicals,  the  concen¬ 
trations  of  solutions,  and  the  treating 
schedules.  There  have  been  some  vari¬ 
ations  in  other  details,  such  as  species 
of  wood,  completeness  of  bark  re¬ 
moval,  depth  of  solution,  application 
of  supplementary  treatment  to  tops, 
retardation  of  drying  after  treatment, 
and  others.  Most  treatments,  however, 
have  followed  a  fairly  uniform  pattern 
and,  unless  otherwise  stated,  the  data 
reported  have  been  obtained  on  pine 
posts  treated  by  the  following  proce¬ 
dure: 

Green  posts  6^/2  to  7  feet  long, 
which  had  been  cut  within  several 
days,  or  within  several  weeks  and  then 
stored  unpeeled  under  slow-drying 
conditions,  were  completely  peeled.  A 
6-inch  piece  was  cut  from  the  butt 
end  of  each  post.  The  posts  were  stood 
upright,  butt  down  in  the  first  solu¬ 
tion  contained  in  a  wooden  barrel  or 
steel  drum  about  30  inches  deep. 
Enough  solution  was  prepared  so  that 
it  practically  filled  the  barrel  with  the 
posts  inserted.  After  a  period  of  one 
to  several  days,  the  posts  were  trans¬ 
ferred  to  the  second  solution  and  stood 
butt  down.  Each  post  was  rinsed  with 
about  a  pint  of  water  upon  removal 
from  each  solution.  After  the  desired 
period  in  the  second  solution,  the 
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posts  were  removed  and  stood  top 
down  to  season. 

After  being  seasoned,  the  posts 
were  ripped  lengthwise  and  a  disk  one 
inch  thick  was  cut  at  each  foot  along 
the  half-post.  The  disks  from  a  post 
were  ground  together  to  form  a  com¬ 
posite  sample  that  was  analyzed  to  de¬ 
termine  the  absorptions  of  both  chem¬ 
icals.  Three  posts  from  each  series  or 
treatment  were  analyzed  to  obtain  an 
average  value  for  absorption.  In  addi¬ 
tion,  a  disk  was  cut  from  near  the 
ground  Tine,  near  the  middle,  and 
near  the  top  of  one  post  of  a  series. 
These  disks  were  analyzed  to  obtain 
data  on  distribution. 

Significant  Properties  of 
Chemicals  Used 

The  nature  of  the  starting  chemicals 
affects  the  toxicity  of  the  precipitate, 
the  rate  of  diffusion,  and  the  distribu¬ 
tion  of  the  chemicals  in  the  wood. 

Most  of  the  chemical  combinations 
used  have  consisted  of  the  sulfate  of 
copper,  zinc,  or  nickel  in  the  first  bath 
and  one  of  several  sodium  salts  in  the 
second  bath.  Copper  sulfate  is  prob¬ 
ably  the  most  effective  on  the  basis  of 
cost  and  it  is  likely  that  the  precipi¬ 
tated  copper  compounds  are  at  least 
as  effective  as  the  analogous  com¬ 
pounds  of  nickel  and  zinc. 

Because  copper  sulfate  solutions  are 
corrosive  to  steel,  a  container  of  some 
substance  like  wood  or  concrete  is 
needed.  Also,  if  the  second  stage  of 
the  treatment  is  not  carried  far  enough 
to  precipitate  most  of  the  copper,  the 
copper  remaining  in  soluble  form  may 
accelerate  the  corrosion  of  staples  and 
wire. 

In  laboratory  tests,  nickel  salts  ap¬ 
pear  to  be  about  as  toxic  to  fungi  as 
the  analogous  copper  salts.  They  have 
the  advantage  of  being  less  corrosive. 
With  the  addition  of  a  small  amount 
of  a  corrosion  inhibitor,  such  as  sodium 
dichromate,  nickel  sulfate  solutions 
can  be  held  in  an  iron  drum.  How¬ 
ever,  nickel  sulfate  normally  costs  con¬ 
siderably  more  than  copper  sulfate  and 
the  price  differential  has  increased  dur¬ 
ing  the  past  years.  At  the  time  this 
report  is  being  written,  the  use  of 
nickel  sulfate  is  restricted  by  the  Gov¬ 
ernment. 

Zinc  sulfate  appears  to  be  definitely 
less  toxic  than  copper  and  nickel  sul¬ 
fates,  but  has  the  compensating  ad¬ 
vantage  of  being  relatively  noncor¬ 
rosive.  The  .solution,  with  no  corro¬ 
sion  inhibitor  added,  can  be  held  in 
an  iron  drum. 

In  certain  treatments  arsenic  acid 
has  been  added  in  small  amounts  to 
the  sulfate  solutions  used  in  the  first 
stage  and  sodium  chromate  has  been 
used  in  the  second  stage.  The  precipi¬ 


tate  formed  in  such  cases  is  a  mixture 
of  the  arsenate  and  chromate  of  which¬ 
ever  metal  is  used.  The  ratio  of  ar¬ 
senic  to  metal  in  the  first  solution 
tends  to  decrease  during  treatment. 

Sodium  salts  that  have  been  used 
to  precipitate  the  metallic  ion  include 
chromate,  fluoride,  arsenate,  borate, 
and  phosphate.  All  produce  alkaline 
solutions  except  sodium  fluoride,  which 
yields  a  solution  that  is  practically 
neutral.  When  sodium  fluoride  and 
copper  sulfate  solutions  are  used, 
either  one  may  be  applied  first.  In 
treatments  involving  one  of  the  alka¬ 
line  sodium  salts,  much  better  pene¬ 
tration  of  chemicals  is  obtained  if  the 
metallic  salt  is  used  first  and  the 
sodium  salt  second. 

All  of  the  sodium  salts  used  in 
these  treatments,  except  sodium  bo¬ 
rate,  are  salts  of  fairly  strong  acids 
and  are  made  to  react  with  salts  of 
certain  weakly  basic  metals.  Strongly 
basic  metals  cannot  be  used  because 
they  are  low  in  toxicity.  Since  precipi¬ 
tates  formed  from  weak  bases  and 
weak  acids  would  hydrolyze  in  the 
presence  of  water,  salts  of  fairly  strong 
acids  are  generally  used  in  order  to 
form  precipitates  that  will  not  hydro¬ 
lyze  appreciably. 

The  acid  ions  which  seem  suitable 
vary  in  certain  significant  properties. 
The  arsenate  ion  contributes  most  to 
the  toxicity  of  the  compound  formed, 
but  the  use  of  sodium  arsenate  would 
offer  some  hazard  to  the  operator. 
Until  handling  methods  of  proven 
safety  are  developed,  the  use  of  this 
chemical  should  be  restricted  to  com¬ 
mercial  treatments. 

Fluoride  and  borate  ions  contribute 
to  toxicity  and  appear  to  be  suitable 
for  use  on  the  farm.  Sodium  fluoride 
forms  a  precipitate  with  copper  sul¬ 
fate,  but  not  with  the  sulfates  of  zinc 
and  nickel.  Sodium  borate  forms  pre¬ 
cipitates  with  the  sulfates  of  copper, 
zinc,  and  nickel. 

The  phosphate  ion  does  not  con¬ 
tribute  to  toxicity;  its  sole  function 
is  to  insolubilize  the  toxic  copper. 
However,  it  may  have  some  advan¬ 
tages  for  treating  such  products  as 
grape  stakes  and  hop  poles  that  are 
used  in  contact  with  growing  plants. 
Such  plants  might  be  injured  by  an 
excess  of  a  toxic  chemical  used  in  the 
second  stage  of  the  treatment,  because 
it  might  form  a  deposit  on  the  surface 
of  the  wood  on  drying. 

The  most  practical  absorption  for 
any  given  combination  of  chemicals, 
taking  into  consideration  initial  cost 
and  service  life,  will  not  be  known 
until  the  results  of  extensive  field  tests 
are  available.  In  most  of  the  field  tests 
that  have  been  started  and  in  most  of 


the  experimental  laboratory  treatments, 
the  aim  has  been  to  obtain  a  total 
absorption  of  chemicals  within  the 
range  of  absorptions  used  in  pressure 
treatments  with  salt  preservatives.  This 
range  is  approximately  0.3  to  1.5 
pounds  of  chemical  per  cubic  foot  of 
wood. 

When  the  three  metallic  salts  (cop¬ 
per,  nickel,  and  zinc)  were  applied 
under  similar  conditions,  the  data  oti 
absorptions  and  distributions  did  not 
show  marked  differences. 

It  has  been  pointed  out  that  whe  i 
green  posts  are  stood  upright  in  an 
aqueous  solution,  the  solute  enters  tl'c 
wood  as  a  result  of  several  distin  t 
phenomena.  Diffusion  pressure,  whii  i 
may  be  described  as  the  tendency  of  a 
solute  to  distribute  itself  uniformly  n 
a  solvent,  causes  the  individual  mol  .- 
cules  of  the  dissolved  chemical  to  n  i- 
grate  into  the  water  contained  in  ti  e 
wood.  In  addition  to  this,  there  is 
some  movement  of  the  whole  solu¬ 
tion  into  capillary  openings  in  ti  e 
ends  and  to  some  extent  in  the  sid»  s 
of  the  post.  The  capillary  rise  is  espe¬ 
cially  rapid  on  the  external  surface  of 
the  post  because  of  the  fact  that  tlie 
semicapillaries  (capillaries  that  are 
split  longitudinally)  are  free  from  the 
restrictions  that  exist  in  the  complete 
capillaries  within  the  wood.  When  a 
peeled  green  pine  post  about  7  feet 
long  is  stood  in  a  solution  of  copper 
sulfate  having  a  depth  equal  to  ap¬ 
proximately  one-third  the  height  of 
the  post,  the  blue  color  of  the  solu¬ 
tion  begins  to  spread  up  the  outside 
of  the  post  in  less  than  an  hour.  Occa¬ 
sionally  streaks  of  color  reach  the  top 
of  the  post  within  24  hours.  An  in¬ 
ward  movement  of  chemical  from  the 
colored  surface  takes  place  simultane¬ 
ously,  but  this  movement  is  slow  com¬ 
pared  with  the  capillary  rise  on  the 
surface.  However,  the  solution  on  the 
surface  becomes  more  concentrated  by 
evaporation  of  water  and,  as  a  result, 
the  radial  migration  of  chemical  by 
true  diffusion  is  accelerated.  This 
movement  probably  continues  during 
the  seasoning  of  the  treated  post  until 
the  water  phase  is  no  longer  cen- 
tinuous. 

Factors  Affecting  Absorption 

From  theoretical  considerations,  o  ie 
would  expect  a  practically  linear  ri  i- 
tion  between  the  concentration  of  i  le 
first  solution  and  the  amount  of  ch<.  i- 
ical  absorbed  in  unit  time.  The  ''  ta 
in  table  1  show  reasonable  agreem  nt 
with  this  theory.  In  one  day’s  steep  g 
time,  the  absorptions  of  copper  suit  re 
obtained  from  different  solutio  s 
were: 
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Concentration  Absorption 
Percent  Lb.  per  cu.  ft. 


Ratio 

Conc./ab8. 


11.3 

9.7 
7.95 

5.8 


0.56 

.49 

.38 

.28 


20.2 

19.7 
20.9 

20.7 


The  absorption  of  the  second  chem- 
i.’l  is  influenced  by  the  amount  of 
l  ie  first  chemical  already  present  in 
the  wood.  The  amount  of  copper  sul¬ 
fite  in  wood  affects  the  rate  of  absorp- 
•  on  of  disodium  phosphate  in  the 
following  manner: 


Copper  sulfate  present 
Lb.  per  cu.  ft. 

0  28 . 

.69 . 

23 . 

38 . 

For  reasons  not  understood,  the  ab¬ 
sorption  of  the  second  chemical  is 
more  erratic  than  that  of  the  first.  It 
seems  unlikely  that  any  simple  general 
relations  would  apply  to  the  absorp¬ 
tions  of  the  second  chemicals  in  the 
various  combinations. 

The  relation  between  steeping  time 
and  absorption  of  the  first  chemical  is 
exponential,  the  rate  decreasing  with 
time.  The  data  are  too  meager  for 
mathematical  analyses.  The  curve  of 
absorption  over  time  does  not  show 
a  sharp  break  within  the  first  several 
days — the  time  that  will  yield  ade¬ 
quate  absorptions  and  would  be  used 
in  practical  treatments.  A  few  calcu¬ 
lations  based  on  data  from  table  1 
arc  given  below: 


Concentration  of  solution 
Percent  copper  sulfate 

11.3 . 

11.3 . 

5.7 . 

5.7 . 

5.7  . 

5.8  . . 

5.8 . 

5.8 . 

3.07 . 

3.07 . 

3.07 . 

In  these  treatments  only  a  few  posts 
were  treated  at  one  time.  The  true 
diffusion  of  chemicals  into  the  post, 
which  would  tend  to  weaken  the  solu¬ 
tion,  was  nearly  compensated  by  the 
concentrating  effect  of  evaporation. 
The  solutions,  therefore,  underwent 
small  changes;  namely,  11.30  percent 
to  11.26  percent,  5.76  percent  to  5.71 
percent,  and  5.82  percent  to  5.84  per¬ 
cent.  When  a  barrel  is  filled  with 
po  .fs,  as  it  would  be  in  practical  treat- 
m  iits,  and  when  moderately  concen¬ 
trated  or  concentrated  solutions  are 
us  d,  a  decided  drop  in  the  concentra- 
tioti  of  the  solution  takes  place  dur- 
io '  the  treatment.  Accordingly,  a 
sli  -  per  decrease  in  rate  of  absorption 


than  is  shown  by  the  above  data  will 
be  found  in  such  treatments. 

As  has  been  pointed  out,  the  rate 
of  absorption  or  the  second  chemical 
is  influenced  by  the  presence  of  the 
first  chemical  as  well  as  by  other  fac¬ 
tors.  Under  constant  conditions,  it 
would  be  expected  that  an  exponential 
relation  exists  between  steeping  time 
and  absorption  of  the  second  chem¬ 
ical.  Not  enough  data  are  available  to 
check  the  validity  of  this  theory. 


Concentration  of 
disodium  phosphate 
solution 
Percent 

6.3 

6.1 

3.06 

3.06 


Absorption  of 
disodium 
Time  phosphate 
Days  Lb.  per  cu.  ft. 

4  0.97 

4  .45 

8  .75 

8  .50 


The  relations  between  temperature 
and  the  rate  of  true  diffusion  have 
been  developed,  but  they  could  not  be 
expected  to  hold  exactly  in  treatments 
made  as  described.  The  mobility  of 
the  ions  increase  and  the  viscosities  of 
the  solutions  decrease  with  an  in¬ 
crease  in  temperature.  Both  changes 
tend  to  increase  the  rate  of  true  diffu¬ 
sion.  Increase  in  temperature  also  accel¬ 
erates  the  rate  of  evaporation  from  the 
emergent  part  of  the  post  and  in  that 
way  accelerates  the  capillary  rise  of 
solution.  However,  evaporation  would 
also  be  affected  by  the  relative  humid¬ 
ity  of  the  air  and  its  rate  of  circula¬ 
tion.  In  practice  the  chemical  would 
be  taken  up  faster  at  higher  tempera- 


Absorption  of  copper  sulfate 


Time 

Total 

Per  day 

Days 

Lb.  per  cu.  ft. 

Lb.  per  cu.  ft. 

1 

0.56 

0..560 

2 

.94 

.470 

2 

.44 

.220 

3 

.57 

.190 

4 

.69 

.172 

1 

.28 

.280 

2 

.43 

.215 

3 

.67 

.223 

2 

.24 

.120 

2 

.23 

.115 

4 

.38 

.095 

tures,  but  the  exact  rate  would  vary. 
Perhaps  the  effect  of  temperature  is 
sufficient  so  that  some  allowance  should 
be  made  for  the  extremes  that  may  be 
encountered  under  practical  conditions. 
Most  of  the  treatments  to  date  have 
been  made  under  the  moderate  tem¬ 
peratures  prevailing  in  spring  and 
autumn.  Controlled  tests  to  show  the 
effect  of  temperature  have  not  as  yet 
been  undertaken. 

The  species  of  wood  has  a  decided 
effect  on  the  treatability  by  any  process. 
Because  of  the  meagerness  of  the  data 
on  species  other  than  pine,  no  broad 
statements  are  possible  concerning  the 
treatability  of  various  species  by  double 


diffusion.  Experience  to  date  indicates 
that  regardless  of  species,  round  posts 
having  an  appreciable  thickness  of 
sapwood,  when  treated  under  favorable 
conditions,  will  absorb  amounts  of 
chemicals  within  the  range  of  those 
used  in  commercial  treatments.  The 
distribution  pattern  shown  by  color 
reactions  varies  considerably  with  se¬ 
cies  and  this  may  be  expected  to  affect 
the  protection  afforded  by  a  given 
amount  of  chemical. 

The  relation  between  the  degree  of 
seasoning  and  treatability  has  not  as 
yet  been  studied.  In  the  initial  stages 
of  this  investigation,  the  treatability  of 
green  pine  posts  was  found  to  be  far 
superior  to  the  treatability  of  kiln- 
dried  posts.  It  is  now  accepted  that 
the  posts  should  be  as  green  as  pos¬ 
sible,  but  the  practical  question  of  how 
long  cut  posts  may  be  held  before 
treatment  remains  to  be  answered. 
Pine  posts  have  been  treated  satisfac¬ 
torily  several  weeks  after  cutting.  In 
order  to  retard  drying,  the  posts  were 
close-piled  prior  to  treatment  and 
peelea  just  before  treatment.  A  6-inch 
piece  was  sawed  from  the  butt  end  of 
each  post  just  before  it  was  inserted 
into  the  solution.  It  is  believed  that 
this  step  is  important  in  the  treatment 
of  pine  posts  which  have  been  held 
long  enough  for  a  layer  of  resin  to 
form  on  the  end.  This  step  seems  less 
important  in  the  treatment  of  non- 
resinous  species  and  might  not  be  nec¬ 
essary  if  the  posts  were  treated  within 
a  few  days  after  cutting. 

There  are  other  variables  that  are 
known  to  affect  treatability,  but  have 
not  been  studied  in  detail.  The  rate  of 
growth,  for  example,  appears  to  have 
an  effect;  in  a  few  tests  slow-grown 
southern  pine  treated  more  slowly  than 
rapidly  grown  wood  having  wide 
bands  of  springwood.  The  number, 
size,  and  distribution  of  knots  will 
affect  distribution  of  the  chemicals 
and  perhaps  also  their  absorption. 
The  rate  of  rise  of  color  up  the  out¬ 
side  of  a  post  appears  to  be  more 
rapid  in  posts  cut  in  spring  than  in 
similar  posts  cut  in  fall. 

Table  1  shows  that  absorptions  with¬ 
in  the  range  of  those  used  in  commer¬ 
cial  pressure  treatments  may  be  ob¬ 
tained  in  one  day.  As  will  be  ex¬ 
plained  later,  a  longer  treating  time 
may  be  preferred  for  its  effect  on  dis¬ 
tribution. 

Factors  Affecting  Distribution 

The  final  distribution  of  a  precipi¬ 
tate  is  governed  by  a  number  of  fac¬ 
tors,  such  as  absorption,  rate  at  which 
the  absorption  was  obtained,  nature 
of  the  reacting  chemicals,  properties 
of  the  wood,  and  conditions  of  sea¬ 
soning.  The  data  are  inadequate  to  per- 
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Figure  1. — Distribution  of  copper  and 
phosphate  in  a  jock  pine  post  stood  2  days 
in  5  percent  copper  sulphate  ond  4  days  in 
3.5  percent  disodium  phosphate.  (Average 
absorption  in  pounds  per  cubic  foot  was 
0.33  for  copper  sulphate  and  0.42  for 
sodium  phosphate.) 

mit  mathematical  analyses  of  any  iso¬ 
lated  factor,  and  only  general  trends 
will  be  indicated.  Even  these  general 
statements  will  need  to  be  accompanied 
by  exceptions  because  of  the  complex¬ 
ity  of  the  subject. 

As  a  general  rule,  distribution  is 
improved  by  increasing  absorptions 
and  by  lengthening  the  time  required 
to  obtain  a  given  absorption;  that  is, 
by  diluting  the  treating  solution.  The 
distribution  of  a  specific  ion  is  further 
influenced  by  the  amount  of  the  other 
ion  present.  The  distribution  of  a  given 
ion  tends  to  be  more  uniform  when 
there  is  a  deficiency  of  the  other  ion. 

A  considerable  movement  of  the 
first  ion  may  take  place  before  the 
second  ion  reaches  the  scene.  As  a  re¬ 
sult,  the  first  ion  tends  to  show  a 
more  uniform  distribution  than  the 
second.  The  distribution  of  the  second 
ion  may  be  improved  by  adding  it  in 
excess.  Since  a  large  excess  is  undesir¬ 
able  from  the  standpoint  of  cost,  it 
appears  more  practical  to  limit  this 
excess  and  accept  some  maldistribu¬ 
tion  of  the  second  ion.  The  amount  of 
chemical  in  the  upper  part  of  the  post 
may  be  increased  by  inverting  it.  This 
of  course  requires  additional  labor, 
but  it  may  be  worth-while  under  cer¬ 
tain  conditions.  Some  examples  of  the 
distributions  which  are  obtained  with 
different  ratios  of  the  two  reacting 
chemicals  in  posts  given  butt  treat¬ 
ment  only  are  given  in  the  figures  to 
follow. 

Figure  1  shows  the  results  of  anal¬ 
yses  of  disks  taken  from  the  ground 
line,  the  middle,  and  near  the  top  of 
a  post  treated  with  copper  sulfate  and 
an  excess  of  disodium  phosphate. 


Figure  2. — Distribution  of  copper  and 
phosphate  in  a  jack  pine  post  stood  for  2 
days  in  6  percent  copper  sulphate  and  2 
days  in  6  percent  disodium  phosphate. 
(Average  absorption  in  pounds  per  cubic 
foot  was  0.45  for  copper  sulphate  and  0.27 
for  sodium  phosphate.) 

There  are  a  number  of  phosphates 
of  copper  having  definite  compositions 
and  different  ratios  of  copper  to  phos¬ 
phate.  For  the  purpose  of  this  dis¬ 
cussion,  this  reaction  will  be  assumed: 

CuSO^  +  Na,HPO^  =  Na^SO^  + 
CuHPO, 

The  reacting  weights  are:  copper 
sulfate  (CuSO^),  159.6;  disodium 
phosphate  (NagHPO^),  142.2.  The 
total  absorption  of  the  phosphate  is 
in  excess  of  the  theoretical  amount  re¬ 
quired,  yet  some  deficiency  exists  in 
the  upper  disk. 

Figure  2  shows  the  distribution  in 
a  post  treated  with  the  same  chemicals 
but  with  conditions  controlled  to  pro¬ 
duce  an  over-all  deficiency  of  phos¬ 
phate.  In  this  post  there  is  a  marked 
deficiency  of  phosphate  near  the  top. 

Under  some  conditions  the  distri¬ 
bution  of  the  second  ion  may  be 
more  uniform  than  that  of  the  first. 
Figure  3  shows  the  distribution  of 
copper  and  fluoride  in  a  post  contain¬ 
ing  a  large  excess  of  the  fluoride  that 
was  used  in  the  second  stage.  The 
reacting  weights  in  this  case  are  cop¬ 
per  sulfate  (CuSO^),  159.6;  sodium 
fluoride  (2NaF),  84. 

The  relatively  large  amount  of 
fluoride  in  the  top  disk  may  be  attrib¬ 
uted  not  only  to  the  large  excess  pres¬ 
ent,  but  also  to  the  motility  of  the 
fluoride  ion  and  to  the  neutrality  of 
sodium  fluoride  solutions.  Copper 
fluoride  is  soluble  in  weak  acids  and, 
since  copper  sulfate  solutions  are 
slightly  acid,  a  precipitate  of  copper 
fluoride  does  not  form  in  a  copper 
sulfate  solution  until  an  appreciable 
amount  of  sodium  fluoride  has  been 
added. 


COPPER  SULFATE 
ILB  per  CU  FT ) 


0.04 


0  12 


0.39 


SODIUM  fluoride 
ILB  PER  CU.  FT.) 

0  20 


0  15 

0  36 


Figure  3. — Distribution  of  copper  ar:d 
fluoride  in  post  stood  2  days  in  5  percent 
copper  sulphate  and  5  days  in  4  percent 
sodium  fluoride. 


As  has  been  indicated,  dilute  solii- 
tions  and  treating  schedules  of  sever.il 
days  in  each  solution  tend  to  yield 
better  distribution  of  the  desired  pre¬ 
cipitate  than  stronger  solutions  and  a 
treating  schedule  of  one  day  in  eaih 
solution.  The  effect  of  the  treating 
time  on  the  distribution  cannot  he 
treated  mathematically  at  present.  Data 
are  lacking  on  different  posts  in  whu  h 
the  same  amounts  of  the  same  chem¬ 
icals  have  been  introduced  under  dif¬ 
ferent  conditions  of  time  and  concen¬ 
tration. 

Effects  of  Reacting  Chemicals 

The  nature  of  the  reacting  chem¬ 
icals  naturally  affects  the  distribution 
of  the  precipitate.  The  favorable  prop¬ 
erties  of  sodium  fluoride  for  use  as  a 
precipitant  of  copper  have  been 
pointed  out.  At  the  other  extreme  lies 
sodium  chromate.  The  chromate  ion 
tends  to  be  fixed  on  cellulosic  fibers 
and  the  final  distribution  of  chromate 
is  definitely  poorer  than  that  of  the 
other  acid  ions.  The  incomplete  pre¬ 
cipitation  of  zinc  or  nickel  in  the 
upper  part  of  the  post  is  believed  to 
be  unimportant  because  loss  by  leach¬ 
ing  would  probably  be  slow.  How¬ 
ever,  if  copper  is  not  precipitated 
completely,  the  soluble  copper  salts 
may  corrode  staples  and  wires.  Seve  .il 
means  of  combatting  this  condition 
are  being  tested.  For  this  combination 
of  chemicals  it  probably  is  advisalde 
to  invert  the  post  during  part  of  >  le 
time  in  the  chromate  solution. 

The  position  of  the  post  dun.ig 
seasoning  likewise  affects  the  final  c  'S- 
tribution  of  chemicals.  When  th '  C 
posts  were  treated  together  and  plac  d 
in  different  positions  for  seasoning  it 
was  found  that  a  post  which  was  stood 
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upright,  butt-down,  showed  the  least 
amount  of  chemical  in  the  top.  A  post 
seasoned  top-down  showed  a  much 
heavier  treatment  of  the  top.  Some¬ 
what  less  chemical  was  found  in  the 
top  and  more  at  the  ground  line  of  a 
post  that  was  laid  flat  to  season. 

Retarding  the  loss  of  moisture  by 
keeping  the  posts  covered  for  about  a 
month  after  treatment  makes  for  more 
uniform  distribution. 

The  height  of  liquid  in  the  barrels 
naturally  affects  the  distributions  of 
chemicals  in  the  posts.  The  treatment 
of  the  top  is  improved  as  the  height 
of  liquid  is  increased.  Optimum  ab¬ 
sorption  of  total  chemical  is  not  nec¬ 
essarily.  found  in  the  submerged  por¬ 
tion  of  the  post,  as  would  be  expected. 
The  second  chemical  is  nearly  always 
found  in  decreasing  amounts  from  bot¬ 
tom  to  top,  but  the  heaviest  absorp¬ 
tion  of  the  first  chemical  is  generally 
found  somewhat  above  the  liquid  line. 
As  a  result,  this  part  of  the  post  com¬ 
monly  shows  the  heaviest  total  absorp¬ 
tion. 

The  distribution  of  chemical  that 
might  be  considered  ideal  will  doubt¬ 
less  vary  with  conditions  of  exposure. 
In  a  humid  climate  in  which  the  tops 
of  posts  are  subject  to  decay,  some 
treatment  of  the  top  is  necessary  for 
the  aaximum  life  of  the  post.  On  the 
oth'.r  hand,  it  seems  logical  to  handle 
the  .'.catment  so  as  to  retain  as  much 
chcrr.ical  as  possible  in  the  lower  part 
of  a  post  that  is  to  be  used  in  a  semi- 
arid  region  in  which  only  the  ground 
line  s  subject  to  decay. 
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Peeling  Requirements 

It  has  been  known  for  some  time 
that  when  a  green  post  is  treated  with 
only  one  soluble  chemical,  satisfactory 
distribution  may  be  obtained  without 
peeling  the  post.  Up  to  the  present, 
double-diffusion  treatments  of  un¬ 
peeled  posts  have  resulted  in  unsatis¬ 
factory  distribution.  However,  com¬ 
plete  peeling  does  not  appear  to  be 
necessary.  Recent  experiments  have 
shown  that  if  narrow  strips  of  bark 
are  removed  longitudinally  from  four 
sides  of  a  post,  the  results  of  treat¬ 
ment  are  similar  to  those  obtained  on 
completely  peeled  posts.  It  should  be 
repeated  here  that  the  data  in  this  re¬ 
port  are  on  completely  peeled  posts. 

The  foregoing  discussion  of  distri¬ 
bution  has  concerned  longitudinal  dis¬ 
tribution  only.  Radial  distribution  has 
been  followed  chiefly  by  stain  tests  on 
cross  sections,  supplemented  by  a  lim¬ 
ited  number  or  chemical  analyses. 
These  tests  show  that  the  chemicals 
are  found  almost  entirely  in  the  sap- 
wood,  although  in  some  cases,  some 
penetration  of  heartwood  is  found  in 
the  lower  part  of  the  post.  In  lightly 
treated  parts  of  the  post,  the  treat¬ 
ment  seems  to  be  confined  to  the 
springwood. 

When  absorptions  fall  within  the 
range  of  those  used  in  commercial 
pressure  treatments  with  salt-type  pre¬ 
servatives,  a  pine  post  generally  shows 
complete  sapwood  penetration  at  the 
ground  line  and  incomplete  penetra¬ 
tion  at  the  top.  A  disk  taken  from 


near  the  top  nearly  always  shows  a 
ring  of  solid  treatment  around  the 
outside  with  discontinuous  streaks  of 
treated  springwood  inside  this  ring. 
The  thoroughness  of  treatment  at  the 
lop  depends  largely  upon  the  total 
absorption  and  the  time  used  to  obtain 
that  absorption.  Complete  treatment 
of  the  top  can  be  obtained  only 
through  the  additional  cost  of  heavier- 
than-normal  absorptions  or  the  addi¬ 
tional  handling  required  to  invert  the 
post  during  part  of  the  immersion 
periods. 

The  performance  of  posts  of  a  few 
hardwood  species  that  have  been 
treated  and  placecj  in  test  has  been 
inferior  to  that  of  pine  posts  treated 
with  the  same  chemical  combinations. 
It  is  believed  that  the  difference  can 
be  explained  only  in  part  by  differ¬ 
ences  in  treatability.  The  fungi  that 
attack  hardwoods  appear  to  be  more 
tolerant  to  these  chemicals  than  the 
fungi  that  attack  pine.  Research  is 
needed  to  find  chemical  combinations 
that  are  best  suited  to  treating  hard¬ 
woods. 

Studies  of  the  treatments  of  prod¬ 
ucts  other  than  posts  are  in  progress, 
but  no  results  of  significance  are  avail¬ 
able  at  present. 

Further  Research  Needed 

As  has  been  stated,  the  results  of 
field  tests  on  pine  posts  and  stakes 
treated  with  adequate  amounts  of 
chemicals  have  been  excellent  to  date. 
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In  view  of  this  fact,  and  because  of 
the  practical  advantages  of  this 
method,  further  research  should  be 
done  on  this  type  of  treatment. 

Some  of  the  questions  that  require 
further  study  have  already  been  men¬ 
tioned.  The  barrel  method  for  treat¬ 
ing  round  pine  posts  has  received  ma¬ 
jor  attention  so  far,  but  even  this  ap¬ 
plication  of  the  basic  principle  needs 
additional  study.  More  detailed  data 
are  needed  to  determine  accurately  the 
relations  between  certain  treating  vari¬ 
ables  and  the  distribution  of  the  de¬ 
sired  precipitate. 

It  has  been  shown  that  when  pine 
posts  are  given  a  butt  treatment  only 
and  when  relatively  small  amounts  of 
chemicals  are  introduced,  the  protec¬ 
tion  of  the  upper  part  appears  to  be 
inferior  to  the  protection  of  the  ground 
line.  There  are  a  number  of  ways  of 
counteracting  this  tendency,  such  as 
inverting  the  post  during  part  of  the 
time  in  one  or  both  solutions,  giving 
the  top  a  brush  treatment,  or  retard¬ 
ing  the  seasoning  of  the  treated  post. 
The  most  practical  measure — taking 
into  account  cash  outlay,  labor,  and 
effectiveness  of  treatment — remains  to 
be  determined. 

In  full-immersion  treatments  with 
tanks,  the  time  factor  has  a  greater 
bearing  on  cost  than  in  treatments 
made  with  cheaper  equipment,  such  as 
barrels.  For  this  type  of  application  it 
is  desirable  to  know  the  minimum  im¬ 
mersion  periods  required  to  give 
acceptable  results  with  products  of  dif¬ 
ferent  sizes. 

The  application  of  the  two  chem¬ 
icals  in  either  dry  or  paste  form  offers 


practical  advantages  in  certain  situa¬ 
tions  and  therefore  merits  investiga¬ 
tion. 

A  study  of  the  effect  of  a  "rest” 
period  between  the  two  applications 
might  lead  to  improved  distribution  of 
the  precipitate. 

The  effect  of  the  moisture  content 
of  the  wood  should  be  studied  be¬ 
cause  it  relates  to  the  time  that  may 
be  allowed  to  elapse  between  cutting 
and  treating. 

More  information  is  also  needed  on 
the  effect  of  temperature  on  absorp¬ 
tion  and  distribution. 

Much  remains  to  be  done  on  the 
treatability  of  various  species  and  also 
on  the  effectiveness  of  the  various 
toxic  precipitates  in  different  species. 
Field  tests  need  to  be  conducted  under 
various  climatic  conditions  and  in  soils 
of  various  types.  Such  tests  should  in¬ 
clude  not  only  untreated  controls  but 
also  material  treated  by  standard  com¬ 
mercial  methods  so  that,  ultimately, 
comparisons  can  be  made  on  the  basis 
of  annual  cost. 

Discussion 

James  A.  Greenwald  (Cuprinol  Di¬ 
vision,  Darworth,  Inc.) :  Is  heat  re¬ 
quired  to  get  the  two  chemicals  into 
solution? 

Mr.  Baechler:  No.  Heat  reduces  the 
time  required  to  dissolve  the  chem¬ 
icals  but  is  not  necessary. 

W.  L.  Meek  (University  of 
Illinois) :  Have  you  had  any  experi¬ 
ence  with  hardwoods  treated  by  this 
method  ? 


Mr.  Baechler:  Some  hardwoods 
have  been  treated  by  this  method,  but 
the  results  were  generally  less  favor¬ 
able.  This  is  probably  due  to  the 
hardwoods  absorbing  different  reten¬ 
tions  and  also  to  the  fact  that  differ¬ 
ent  fungi  are  involved  in  the  decay 
of  hardwoods.  It  appears  that  heavier 
absorptions  are  required  to  protect 
certain  hardwoods. 

R.  M.  Carter  (North  Carolina  State 
College) :  Is  any  fixation  effect  en¬ 
countered  with  dinitrophenol,  sodiu  m 
fluoride,  sodium  bichromate,  sodiu;n 
dichromate,  sodium  arsenate,  ai  d 
similar  compounds  in  salt  mixtures. 

Mr.  Baechler:  Some  fixation  effid 
has  been  demonstrated  although  not 
to  an  equal  degree  in  these  particu’  ir 
compounds. 

P.  B.  Mayfield  (Barrett  Divisk  i, 
Allied  Chemical  &  Die  Corp.) :  Hew 
much  time  is  required  for  the  t'.o 
soaking  treatments? 

Mr.  Baechler:  The  time  requir'd 
varies  with  the  species.  Only  one  c'.iy 
in  each  solution  is  required  to  give 
fairly  good  absorptions  in  pine  po.vs, 
but  two  days  time  or  more  in  erch 
solution  is  recommended  in  the  South; 
increasing  the  time  not  only  increa  .es 
absorptions  but  improves  distribution. 

Mr.  Mayfield:  What  depth  of  pene¬ 
tration  can  be  obtained  in  southern 
pine  posts? 

Mr.  Baechler:  The  depth  of  pene¬ 
tration  depends  largely  upon  the  ab¬ 
sorption.  At  ^2  ^ 

foot,  most  of  the  sapwood  in  the  bot¬ 
tom  part,  including  perhaps  some 
heartwood,  and  some  of  the  sapwood 
in  the  top  part  will  be  penetrated. 
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of  Organic  Solvents  From  Wood  Pressure 
Impregnated  with  Solutions  of  Copper 
Naphthenate  or  Pentaehlorophenol 

MONIE  S.  HUDSON 

Research  Chemist,  Taylor-Colquitt  Co.,  Spartanburg,  S.  C. 


Recovery 


Volatile  solvents  used  as  the  vehicle  for  impregnation  of  wood 
with  organic  fungicides  such  as  copper  naphtherMte  or  pentachloro- 
phenol,  can  be  successfully  removed  from  the  wood  and  recovered 
by  means  of  the  Vapor  Solvent  Recovery  Process.  This  operation  not 
only  efFects  substantial  saving  in  the  cost  of  treatment  by  recovery 
of  the  solvent,  but  also  eliminates  surface  deposits  of  “bleeding” 
or  “blooming”  that  are  built  up  on  the  outside  of  the  wood  os  the 
solvent  evaporates  under  the  usual  methods  of  steaming  or  air  dry¬ 
ing  to  remove  solvent.  Because  of  the  clean  surface  produced  by 
the  Vapor  Solvent  Recovery  Process,  the  wood  can  be  painted  or 
laminated  after  treatment  without  experiencing  the  difficulties  that 
are  encountered  in  present  practice. 


Today  wood  preservatives  com¬ 
prise  three  widely  differing  groups 
of  materials,  namely,  ( 1 )  coal  tar  dis¬ 
tillates  and  solutions  of  these  with 
coal  tar  or  petroleum,  (2)  inorganic 
salts,  (3)  single  organic  compounds 
with  active  wood  preservative  charac¬ 
teristics. 

For  the  most  part,  substances  of  the 
first  group  are  heavy,  dark  and  oily, 
complex  mixtures  of  aromatic  hydro¬ 
carbons  and  their  derivatives.  They 
are  applied  to  wood  in  relatively  large 
quantity  (about  20  percent  of  the 
wood  weight) ;  depending  for  their 
action  on  a  great'  reservoir  of  toxic 
material  to  protect  the  wood  over 
long  periods  of  time,  even  though 
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leaching  and  evaporation  are  continu¬ 
ally  acting  to  deplete  them.  Because 
of  the  large  quantities  of  liquid  re¬ 
quired  for  impregnation,  wood  so 
treated  has  a  number  of  objectionable 
properties  for  certain  uses.  It  is  sub¬ 
ject  to  exudation  of  variable  quanti¬ 
ties  of  the  preservative  that  col¬ 
lects  on  the  surface,  and  forms  sticky 
tar-like  deposits  which  make  it  impos¬ 
sible  to  handle  the  treated  wood  with¬ 
out  soiling  clothing  and  other  mate¬ 
rials  coming  into  contact  with  it,  and 
which  make  the  surface  totally  unfit 
for  satisfactory  painting.  These  coal 
tar  materials  are  largely  used  undi¬ 
luted  for  the  treatment  of  wood  al¬ 
though  in  some  instances,  such  as  for 
railroad  crossties,  coal  tar  distillates 
may  be  diluted  with  coal  tar  or  heavy 
petroleum  to  lessen  the  cost.  These 
oily  type  materials  are  the  oldest  in 
point  of  use. 

The  inorganic  salts  were  brought 
into  use  to  answer  the  problem  posed 
by  the  lack  of  cleanliness  of  creosoted 
wood.  Although  they  have  served 
well  for  this  purpose,  they  have  not 
given  as  satisfactory  preservative  per¬ 
formance  as  creosote  because  of  their 
loss  from  the  wood  by  leaching  with 
water,  making  it  necessary  for  the 
writers  of  the  American  Wood  Pre¬ 
servers  specifications  for  these  salts,  to 
point  out  that  they  should  not  be 
used  where  leaching  is  an  important 
factor.  These  water-soluble  salts  de¬ 
pend  for  their  preservative  action  on 
the  high  toxicity  to  wood  destroying 


organisms  of  relatively  small  amounts 
of  chemical  in  the  wood;  in  the 
neighborhood  of  one  to  five  percent 
of  the  wood  weight.  In  treatment  of 
wood  with  these  chemicals  or  chemi¬ 
cal  mixtures,  the  preservative  is  dis¬ 
solved  in  water  and  the  solution  is 
pumped  into  the  wood  by  the  conven¬ 
tional  pressure  processes.  After  treat¬ 
ment  the  water  is  removed  by  air 
seasoning  or  kiln  drying.  The  oldest 
of  the  inorganic  salts  is  zinc  chloride. 
Its  use  began  about  the  same  time  as 
that  of  creosote,  about  100  years  ago. 
During  the  past  20  years,  there  have 
been  introduced  a  number  of  new 
inorganic  salts  such  as  chromated 
zinc  chloride,  Wohlman  Salts,  zinc 
meta  arsenite,  Celcure,  Greensalt, 
Boliden  Salt  and  Chemonite. 

The  third  group  of  chemicals  listed 
above  is  made  up  of  organic  chemical 
compounds  which  have  been  found  to 
possess  a  high  degree  of  toxicity  for 
wood  destroyers,  and  at  the  same  time 
are  highly  permanent  in  the  treated 
wood  because  of  their  physical  proper¬ 
ties  of  water  insolubility  and  low 
vapor  pressure.  These  materials  are 
the  fruits  of  research  to  develop  pre¬ 
servatives  tailor-made  specifically  for 
their  action  against  wood  destroying 
organisms,  in  somewhat  the  same 
manner  as  sulpha  drugs  were  devel¬ 
oped  for  specific  action  against  strep¬ 
tococcus  organisms  in  the  field  of 
medicine.  These  materials  have  been 
found  to  impart  good  protection  to 
wood  against  fungi  and  other  wood 
destroying  organisms  in  concentrations 
in  the  neighborhood  of  one  percent 
of  the  dry  weight  of  the  wood.  They 
possess  the  advantage  over  the  water 
soluble  salts  of  being  virtually  insolu¬ 
ble  in  it,  and  except  for  difficulties 
arising  from  the  use  of  organic  sol¬ 
vents  necessary  to  carry  them  into  the 
wood;  wood  treated  with  them  is 
clean  and  paintable.  The  most  widely 
used  commercially  of  these  chemicals 
today  in  the  field  of  wood  preserva¬ 
tion  are  copper  naphthenate  and 
pentaehlorophenol.  Their  commercial 
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use  as  wood  preservatives  dates  back 
no  more  than  about  20  years. 

For  impregnation  of  wood  with 
these  materials,  the  preservative  may 
be  dissolved  in  any  of  a  wide  range 
of  organic  solvents,  but  the  tendency 
has  been  toward  the  use  of  very  light, 
volatile  solvents  in  an  effort  toward 
obtaining  clean  paintable  surfaces  on 
the  treated  wood.  In  the  use  of  these 
light  solvents,  several  difficulties  have 
been  encountered  as  follows: 

(1)  Light,  water-white  organic  sol¬ 
vents  are  as  a  rule  much  more 
expensive  than  the  heavier, 
darker  products. 

(2)  Such  solvents  are  usually  very 
inflammable  and  must  be  re¬ 
moved  from  the  wood  before 
it  is  ready  for  use. 

(3)  The  light  solvents  tend  to 
bring  the  preservative  to  the 
surface  as  they  evaporate,  leav¬ 
ing  heavy  resinous  deposits  in 
the  case  of  copper  naphthe- 
nate,  or  a  heavy  encrustation  of 
pentachlorophenol  crystals  on 
the  surface,  known  as  "bloom¬ 
ing”. 

No  ready  solution  has  been 
available  for  the  first  two  of 
these  disadvantages,  but  by  the 
use  of  anti-blooming  agents  the 
"blooming”  of  pentachloro¬ 
phenol  has  been  overcome  by 
the  addition- of  plasticizers  to 
the  treating  solution;  however, 
the  use  of  these  anti-blooming 
agents  adds  very  materially  to 
the  cost  of  the  preservative 
treatment. 

Through  a  program  of  development 
work  which  began  in  1949,  the  Re¬ 
search  Department  of  Taylor-Colquitt 
Co.  working  w'ith  the  Cuprinol 
Div.  of  Darworth,  Inc.  on  copper 


that  at  the  same  time,  eliminates  the 
high  surface  concentrations  of  pre¬ 
servative  which  cause  paint  defects 
such  as  discoloration,  and  bleed- 
through  of  preservative. 

A  number  of  different  means  of 
solvent  recovery  such  as  steam  strip¬ 
ping  and  heating  in  vacuum  ovens 
were  considered  in  the  early  part  of 
this  work,  but  it  was  found  that  by 
using  a  modification  of  the  Vapor- 
Drying  Process  (1)(2)(3)  far  supe¬ 
rior  results  could  be  obtain^,  not  only 
in  the  efficiency  of  solvent  recovery 
but  also  as  to  the  surface  condition  of 
the  timber  from  which  the  solvent 
had  been  recovered. 

Apparatus  and  Operation 

Figure  1  illustrates  the  equipment 
in  which  this  vapor  process  of  solvent 
recovery  is  carried  out.  The  central 
part  of  this  figure  shows  a  conven¬ 
tional  wood  preserving  cylinder  with 
condenser  attached.  Figure  2  shows 
an  experimental  application  of  the 
process  to  wood  impregnated  with 
f>entachlorophenol.  This  chart  shows 
first  the  impregnation  of  a  charge  of 
kiln  dried,  southern  pine  lumber  with 
pentachlorophenol  dissolved  in  xylol. 
At  the  start  of  the  treatment  initial 
air  pressure  of  40  psi  was  established 
in  the  treating  cylinder.  The  cylinder 
was  then  filled  with  a  solution  of 
pentachlorophenol  in  xylol  and  the 
pressure  was  brought  to  100  psi  over 
a  period  of  one  hour.  After  holding 
this  pressure  for  one  hour,  it  was  re¬ 
leased  and  the  cylinder  was  emptied 
and  a  vacuum  of  about  24  inches  of 
mercury  was  applied  for  one  hour. 
Part  of  the  charge  so  impregnated 
was  subjected  to  recovery  of  solvent 
by  the  Vapor  Process  beginning  when 
the  "after  treatment”  vacuum  was 
broken.  This  vapor  solvent  recovery 


operation  consisted  in  heating  the  im¬ 
pregnated  lumber  in  the  vapor  of 
xylol.  To  produce  this  vapor,  xylol 
from  the  "fresh  solvent”  storage  tank, 
shown  on  figure  1,  was  pumped  into 
the  bottom  of  the  cylinder  until  it  had 
reached  track  level,  as  indicated  on  the 
figure.  The  steam  heating  coils  in  the 
cylinder  were  then  turned  on  to  cause 
the  xylol  to  boil.  Vapor  arising  from 
the  boiling  xylol  contacted  the  wood 
and  condensed  on  it,  dissolving  from 
its  surface  excess  pentachlorophencl. 
This  condensed  liquid  carried  the  dis¬ 
solved  pentachlorophenol  down  in'o 
the  solution  in  the  bottom  of  ti  e 
cylinder  by  dripping  back  into  t. 
The  pentachlorophenol  being  rel  i- 
tively  non-volatile  at  the  existing  tem¬ 
perature,  remained  in  the  solution  m 
the  bottom  of  the  cylinder,  while  tiie 
xylol  was  again  free  to  vaporize  and 
continue  extraction  of  the  charge. 
Condensation  of  this  hot  xylol  vapor 
brought  the  cylinder  temperature  np 
to  about  260  deg.  F.  by  the  end  of 
one  hour;  by  which  time  considerable 
heat  had  been  stored  up  in  the  woe  j. 
This  stored  heat  was  then  utilized  o 
vaporize  part  of  the  xylol  from  the 
solution  that  had  been  injected  into 
the  wood  during  pressure  treatment, 
by  employing  a  vacuum  cycle  of  one 
hour  at  24  inches  of  mercury.  During 
the  vacuum  the  cylinder  heating  coils 
were  cut  off  to  stop  the  boiling  of  the 
xylol  in  the  pool  in  the  bottom  of  the 
cylinder.  At  the  end  of  the  hour’s 
vacuum,  the  heater  coils  were  again 
turned  on  for  an  hour  heating  in 
vapor,  and  at  the  end  of  that  time 
the  solution,  containing  pentachloro¬ 
phenol  extracted  from  the  wood,  was 
pumped  from  the  cylinder  to  the  used 
solvent  storage  tank,  before  the  final 
vacuum  period  of  one  hour  was  im¬ 
pressed.  When  solvent  recovery  cycles 


naphthenate,  and  with  the  Chapman 
Chemical  Co.  on  pentachlorophenol, 
evolved  a  process  for  removal  and  re¬ 
covery  of  the  impregnating  solvent. 
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are  carried  out  on  subsequent  charges, 
the  liquid  to  be  boiled  in  the  cylinder 
is  drawn  in  from  the  "used  solvent" 
storage,  and  the  operation  is  carried 
out  in  the  same  manner  as  described 
above  when  fresh  solvent  was  used. 
As  charge  after  charge  is  extracted 
with  this  liquid,  the  preservative  con¬ 
centration  in  it  increases  until  it 
reaches  a  level  as  high  as  that  in  the 
solution  used  for  pressure  impregna¬ 
tion  of  the  wood.  When  this  point 
has  been  reached,  the  solution  is 
pumped  from  the  "used  solvent”  stor¬ 
age  to  the  impregnating  working  tank, 
not  shown  on  the  drawing,  for  use 
in  impregnation  of  charges. 

Just  as  in  the  regular  Vapor- 
Drying  Process,  the  high  temperature 
vapor  boils  some  water  from  the 
wood,  in  spite  of  the  fact  that  the 
wood  might  have  been  kiln  dried  or 
air  dried  previously.  This  water  is 
conveyed  as  vapor  over  to  the  con- 
di  nser,  by  excess  xylol  vapor  that  does 
not  condense  on  the  wood;  there  the 
mixture  is  condensed  and  the  two 
liquids  that  are  produced  are  separated 
by  the  continuous  decanter  or  separa¬ 
tor  shown  beneath  the  condenser  in 
fii  ure  1.  The  water  is  discharged  and 
tl-  xylol  flows  back  to  the  pool  of 
li-;uid  in  the  bottom  of  the  cylinder. 
Tr.e  moisture  content  of  southern 
p  l  ie  after  a  solvent  recovery  cycle  of 
ti.  usual  length  will  be  about  4  to  8 
p  rcent.  It  can  be  returned  to  higher 


moisture  content  if  desired  by  steam¬ 
ing  at  atmospheric  pressure  for  30 
minutes  to  one  hour.  The  finished 
wood  will  be  found  to  be  virtually 
stress  free. 

Processing  Schedules  and  Results 

Table  1  shows  typical  processing 
schedules  that  are  employed  in  proc¬ 
essing  2-inch  thick  southern  pine  lum¬ 
ber  treated  with  copper  naphthenate 
or  pentachlorophenol.  For  general 
purpose  lumber  the  final  retention 
aimed  at  in  these  treatments  w'as 
about  1/2  Ib./cu.ft.  for  copper  naph¬ 
thenate,  and  about  1/4  Ib./cu.ft.  for 
pentachlorophenol.  It  will  be  noted 
from  the  copper  naphthenate  data  that 
in  order  to  obtain  a  final  retention 


of  about  1/2  Ib./cu.ft.  it  was  necessary 
to  impregnate  the  charge  with  % 
Ib./cu.ft.  since  the  recovery  operation 
removed  lb.  Approximately  75 
percent  of  the  copper  naphthenate  put 
into  the  wood  during  impregnation 
remained  aftre  solvent  recovery  had 
been  completed.  In  the  case  of  the 
pentachlorophenol  a  retention  of  % 
Ib./cu.ft.  of  preservative  during  treat¬ 
ment  yielded  a  final  retention  of  only 
y4  lb.  after  solvent  recovery.  Only 
about  35  percent  of  the  pentachloro¬ 
phenol  originally  put  into  the  wood 
remained  at  the.  end  of  the  solvent 
recovery  operation.  The  reason  for 
this  difference  in  behavior  of  the  two 
chemicals  can  be  attributed  to  the 
fact  that  part  of  the  copper  naph- 


Table  1 — ^TYPICAL  PROCESSING  SCHEDULES  AND  TREATING  RESULTS  FOR  SOUTHERN  PINE 
LUMBER  SUBJECTED  TO  VAPOR  SOLVENT  RECOVERY  AFTER  IMPREGNATION 

Copper  Pent» 

Naphthenate  chloropheno 

Dimensions  of  lumber _ _ — . -  2"x8"  2"x4" 

Impregnation  with  Preservative  Solution: 

Approx,  concentration  of  preservative  in  xylol  solution -  9.5%*  10% 

Initial  air,  psi _ _ - . - . .  50  25 

Preservative  pressure,  psi _ 150  100 

Preservative  temperature,  °F _  Atmospheric  Atmospheric 

Duration  of  preservative  pressure,  Hrs - .  1.5  2 

Vacuum  after  impregnation.  In.  Mercury _  24  24 

Duration  of  vacuum,  Hrs - 1  1 

Retention  of  preservative  solution,  Ibs./cu.  ft - - -  8.1  7.2 

Retention  of  preservative,  Ibs./cu.  ft - - - -  0.76  0.74 

Solvent  Recovery  by  Vapor  Process 

One  hour  periods  of  heating  in  vapor  at  260  to  270°  F,  total  hrs -  2  2 

One  hour  periods  of  vacuum  at  24  inches  between  vapor  heating 

periods,  total  hrs -  2  2 

Retention  of  solvent  after  recovery,  Ibs./cu.  ft.. - -  0.3  0.4 

Retention  of  preservative  after  solvent  recovery,  Ibs./cu.  ft -  0.57  0.26 

*0.75%  metallic  copper. 
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Figure  6. — Mated  specimens  of  southern 
pine  impregnated  with  pentochlorophenol 
and  solvent  removed  by  following  methods: 
S  by  steaming;  SR  by  vapor  process;  ond 
OH  by  oven  heating. 

thenate  becomes  fixed  to  the  lignocel- 
lulose  and  is  not  removed  by  the  ex¬ 
tracting  action  of  vapor  solvent  re¬ 
covery  whereas  the  pentachlorophenol 
undergoes  no  fixation  and  therefore 
is  extracted  much  more  easily.  Work¬ 
ing  with  higher  retentions  of  copper 
naphthcnate,  in  the  neighborhood  of 
21/2  Ibs./cu.ft.  after  impregnation,  it 
has  been  found  that  after  a  solvent 
recovery  operation  such  as  shown  in 
table  1,  about  1/2  of  it  remained, 
which  indicates  that  a  saturation  point 
of  copper  fixation  by  the  wood  is 
reached  and  after  that  occurs,  more 
and  more  of  the  chemical  can  be 
extracted. 

The  impregnation  conditions  such 
as  initial  air,  and  intensity  and  dura¬ 
tion  of  preservative  pressure  would 
be  varied  as  is  customary  in  the  usual 
impregnation  procedures  for  different 
species  or  dimensions  of  lumber,  or  to 
obtain  different  retentions.  For  ex¬ 
ample,  with  Douglas  fir  or  red  oak 
the  pressure  period  would  be  consid¬ 
erably  longer  than  that  used  on 
southern  pine.  The  solvent  recovery 
cycle  for  Douglas  fir  of  2  inch  thick¬ 
ness  runs  from  II/2  to  2  times  as  long 
as  that  shown  for  southern  pine  in 
table  1;  but  for  red  oak  the  vapor 
processing  time  would  be  about  the 
some  as  shown  in  this  table.  The 
reason  for  the  longer  solvent  recovery 
cycle  on  the  Douglas  fir  is  that  the 
upper  grades  of  lumber  of  this  species 
usually  contain  more  than  90  per¬ 
cent  heartwood,  which  is  more  diffi¬ 
cult  to  penetrate  than  sapwood,  and 
once  the  penetration  has  been  ob¬ 
tained  the  difficulty  of  removing  the 
solvent  is  correspondingly  great.  Gen¬ 
erally  speaking,  the  harder  the  wood 
is  to  impregnate,  the  harder  it  is  to 


get  the  solvent  back  out.  This  has 
also  been  found  to  be  the  case  with 
southern  pine  heartwood.  In  some  of 
the  work  that  has  been  done  with 
southern  pine,  it  was  found  that 
charges  containing  large  amounts  of 
heartwood  should  be  treated  with  a 
lower  differential  pressure  between 
that  of  the  initial  air  and  the  pre¬ 
servative  pressure,  to  keep  from  treat¬ 
ing  this  heartwood,  in  order  to  obtain 
satisfactory  solvent  recovery  in  the 
length  of  time  indicated  in  table  1. 
In  charges  containing  large  amounts 
of  heartwood,  50  psi  initial  air  and 
75  psi  preservative  pressure,  giving  a 
differential  of  25  lbs.,  is  sufficient  to 
treat  the  sapwood  of  the  lumber  satis¬ 
factorily  but  prevents  treatment  of  the 
heart,  thus  making  it  possible  to 
quickly  recover  the  solvent. 

Distribution  of  Preservative  in 
Southern  Pine 

Figure  3  shows  typical  distribution 
curves  for  the  preservative  in  south¬ 
ern  pine  lumber  impregnated  and  sol¬ 
vent  recovered  by  schedules  like  those 
in  table  1.  This  information  repre¬ 
sents  average  values  that  were  ob¬ 
tained  by  analysis  of  many  samples  of 
wood,  by  zoning  specimens  taken 
from  the  wood  after  treatment,  into 
outer  inch,  second  y^  inch,  and  re¬ 
mainder  and  analyzing  the  zones  for 
the  preservative  with  which  the  wood 
was  impregnated.  The  curves  for  cop¬ 
per  naphthenate  in  this  figure  show 
that  most  of  the  approximately  25 
percent  which  was  removed  from  the 
wood,  came  from  the  surface  and 
outer  y^  inch  while  in  the  interior 
there  was  virtually  no  removal  of  the 
preservative.  In  the  case  of  the  penta¬ 
chlorophenol,  the  approximately  65 
percent  that  was  removed,  came  from 
the  entire  cross-section  in  proportion 


to  the  amount  present  in  each  of  the 
zones.  The  data  of  figure  3  have  been 
converted  to  terms  of  percent  of  the 
total  volume  of  the  cross-section  repre¬ 
sented  by  each  zone,  and  amount  of 
preservative  in  the  zones  expressed  as 
percent  of  the  amount  in  the  whole 
cross-section;  and  are  plotted  in  figure 
4.  This  figure  illustrates  more  clearly 
the  difference  in  behavior  of  the  cop 
per  naphthenate  and  pentachloro 
phenol  impregnated  wood  when  sub 
jected  to  the  Vapor  Solvent  Recover. 
Process.  In  this  figure,  the  dashed  45 " 
lines  indicate  the  condition  that  woul  .i 
obtain  with  solution  uniformly  di.s- 
tributed  throughout  the  cross-sectioi; 
A  study  of  this  figure  reveals  th 
following: 

1.  Distribution  of  both  copper 
naphthenate  and  pentachlorc- 
phenol  show  departures  froi  1 
absolute  uniformity,  which  woul  1 
be  expected  because  of  impec- 
ance  to  penetration  offered 
the  wood  structure. 

2.  The  distribution  of  pentachloro 
phenol  in  the  "impregnate  1 
only”  wood  is  more  unifori  1 
than  that  of  the  copper  napb 
thenate.  This  evidently  results 
from  the  fact  there  is  selecti\'- 
adsorption  of  copper  naphthe  ¬ 
nate  by  the  lignocellulose  which 
leaves  a  higher  proportion  of 
the  preservative  in  the  outer 
zones  as  the  preservative  enters 
the  wood. 

3.  The  uniformity  of  distribution 
of  the  pentachlorophenol  is  un¬ 
changed  by  the  solvent  recovery 
operation,  which  means  that  the 
pentachlorophenol  removed  as 
indicated  in  figure  3,  moved  out 
as  liquid  at  the  same  concentra¬ 
tion  that  it  had  in  the  wood 


Table  2— COMPARATIVE  COST  OF  REMOVAL  OF  SOLVENT  FROM  SOUTHERN  PINE  LUMBER 
AFTER  IMPREGNATION  WITH  COPPER  NAPHTHENATE  OR  PENTACHLOROPHENOL 

Vapor  Solvent 

Recovery  Steaming  Air  Drying 


A.  Copper  Naphthenate 

Solvent  per  cu.  ft - - - - 

per  1000  FBM . . . 

Pounds 

..  0.2.5 

..  20.8 

$ 

0.006 

0.48 

Pounds 

1 

83.3 

$ 

0.023 

1.92 

Pounds 

8 

667 

$ 

0 . 1  '5 
15. 

Copper  naphthenate 

per  cu.  ft _  _ _ 

per  1000  FMB _ 

..  0.5 

..  41.7 

0.105 

8.76 

0.57 

47.5 

0.120 

9.98 

0.63 

52.5 

0.H2 
11. Oi 

Cost  of  removing  solvent  per  1000  FMB - 

-- 

7.50 

5.50 

1..V' 

Total  cost  excluding  cost  of  impregnation 
per  1000  FBM . . 

16.74 

17.40 

27.!-: 

B.  Pentachlorophenol 

Solvent  per  cu.  ft . . . 

per  1000  FBM . - . 

..  0.25 

..  20.8 

0.006 

0.48 

1 

83.3 

0.023 

1.92 

8 

667 

0 . 1  -  5 
15.  S'* 

Pentachlorophenol 

per  cu.  ft - - - 

per  1000  FBM... . . . 

0.25 
..  20.8 

0.053 

4.37 

0.30 

25.0 

0.063 

5.25 

0.38 

31.7 

0.'  ■‘0 
6.'': 

Antiblooming  agent 

per  cu.  ft - - - . 

per  1000  FBM . . 

None  required 

0.30 

25.0 

0.045 

3.75 

0.38 

31.7 

0.0 '7 
4.': 

Cost  of  removing  solvent  per  1000  FBM - 

... 

7.50 

5.50 

1.. ) 

Total  cost  excluding  cost  of  impregnation 
per  1000  FBM _ 

12.35 

16.42 

28. n 
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Figure  7. — Paint  test  on  southern  pine  impregnated  with  pento- 
chlorophenol  showing  condition  after  one  year  exposure  on  test 
fence.  Boards  with  letter  “A”  were  vapor  solvent  recovered  after 
impregnation.  Boards  with  letter  "B"  were  aired  dried  one  to  two 
months  after  impregnation  before  painting. 


Figure  8. — Vapor  solvent  recovery  plant,  Brice  Wood 
Preserving  Co.,  Archer,  Fla. 


originally  after  treatment.  As 
will  be  shown  later,  it  has  been 
found  that  if  the  solvent  from 
the  pentachlorophenol  treated 
wood  is  allowed  to  evaporate 
into  the  air,  or  is  removed  by 
steaming  that  the  distribution 
become  much  less  uniform.  This 
can  be  explained  by  the  fact  that 
although  the  pentachlorophenol 
moves  toward  the  surface  in 
liquid  at  the  same  concentration 
as  that  injected  into  the  wood; 
at  the  surface  it  is  concentrated 
as  the  solvent  evaporates  into  the 
air,  or  to  the  vacuums  after 
steaming,  since  the  steam  is  not 
a  solvent  for  the  pentachloro¬ 
phenol.  On  the  other  hand,  the 
pentachlorophenol  moved  to  the 
surface  in  the  Vapor  Process  is 
extracted  by  the  condensing  sol¬ 
vent  from  the  surface  of  the 
wood  maintaining  the  relatively 
uniform  distribution  that  was 
originally  present. 

4.  The  distribution  of  copper  naph- 
thenate  is  improved  by  the  vapor 
solvent  recovery  operation,  be¬ 
ing  brought  to  a  substantially 
uniform  condition.  As  men¬ 
tioned  above,  this  evidently  re¬ 
sults  from  fixation  of  copper 
naphthenate  in  the  wood,  so 
that  it  does  not  move  out  as 
liquid  at  the  same  concentration 
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as  that  in  the  wood.  The  reason 
that  its  concentration  is  reduced 
in  the  outer  ^  inch,  which  ac¬ 
counts  for  the  improvement  in 
uniformity,  is  evidently  because 
in  that  region  the  wood’s  affinity 
for  copper  naphthenate  has  be¬ 
come  saturated  and  the  excess 
can  therefore  be  removed. 

Comparison  with  Other  Processes 

Returning  to  figure  2,  it  will  be 
-seen  that  cycles  of  steaming  and  oven 
heating  to  remove  solvent  are  also 
shown.  These  were  run  on  mated  lots 
of  lumber  that  were  impregnated  as 
shown  at  the  start  of  the  chart.  One 
of  the  mated  lots  had  already  been 
vapor  solvent  recovered  as  discussed 
above.  As  indicated  on  the  chart,  the 
steaming  was  carried  out  in  saturated 
steam  at  260  deg.  F.  for  periods  of 
one  hour,  alternated  with  vacuum 
periods  of  one  hour.  The  oven  heat¬ 
ing  was  also  carried  out  at  260  deg.  F. 
in  one  hour  periods,  alternated  with 
one  hour  periods  of  vacuum.  After 
these  processing  schedules  both  the 
steamed  and  the  oven  heated  lumber 
still  retained  about  1  Ib./cu.ft.  of  sol¬ 
vent,  which  was  several  times  the 
amount  left  after  vapor  solvent 
recovery. 

In  figure  5  is  shown  the  relative 
distribution  that  was  found  in  the 


mated  specimens  of  pentachlorophenol 
treated  lumber  after  being  processed 
by  the  three  different  methods  of  sol¬ 
vent  recovery  given  in  figure  2.  As 
was  pointed  out  in  connection  with 
the  discussion  of  figure  4,  steaming 
causes  considerable  divergence  from 
the  uniform  distribution  that  is  ob¬ 
tained  by  vapor  solvent  recovery,  while 
oven  heating  causes  an  even  greater 
lack  of  uniformity  of  distribution.  It 
has  already  been  explained  that  this 
is  caused  by  surface  build-up  of 
pentachlorophenol  -moved  out  of  the 
wood  under  the  influence  of  heating 
and  vacuum.  The  pentachlorophenol 
is  not  extracted  from  the  surface  by 
the  steam,  although  a  sizable  amount 
of  it  must  be  blown  off  by  release  of 
the  steam  pressure,  since  in  oven  heat¬ 
ing  much  more  of  the  preservative  is 
left  in  the  surface.  Tests  have  been 
made  to  determine  whether  anti¬ 
blooming  agents  would  prevent  this 
movement  of  pentachlorophenol  to 
the  surface.  These  tests  showed  that 
the  anti-blooming  agents  were  inef¬ 
fective  in  preventing  this.  Their  only 
function  was  found  to  be  that  of 
"flatting”  the  layer  of  pentachloro¬ 
phenol  built  up  on  the  surface  so 
that  it  no  longer  appeared  as  "bloom¬ 
ing”  from  crystals  standing  out  on 
the  surface,  but  by  mutual  solubility 
reduced  the  surface  deposit  to  a  less 
conspicuous  amorphous  condition. 
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Cleanliness  and  Paintability 

Figure  6  is  a  photograph  of  three 
mated  boards  from  charges  solvent 
recovered  by  the  cycles  indicated  in 
figure  2,  It  will  be  seen  that  the 
specimen  from  which  the  solvent  was 
removed  by  the  vapor  process  was 
free  of  objectionable  surface  deposits. 
This  specimen  was  in  such  a  condition 
that  it  could  be  painted  with  white 
paint  immediately  after  treatment, 
without  experiencing  subsequent  dam¬ 
age  to  the  paint  coat  through  dis¬ 
coloration  by — or  bleed-through  of — , 
the  pentachlorophenol.  As  will  be  seen 
from  the  photograph,  both  the  oven 
heated  and  steamed  specimens  were 
in  a  completely  unusable  condition 
with  respect  to  cleanliness  of  the 
surface.  Both  of  these  specimens  had 
areas  of  mottled  gummy  deposits  that 
were  sticky  to  the  touch,  and  there 
were  also  patches  of  moderate  to 
heavy  blooming  of  pentachlorophenol 
crystals  scattered  over  the  surface  of 
the  wood.  Moreover,  the  entire  surface 
was  badly  discolored.  This  wood  could 
not  be  satisfactorily  painted  since  the 
gummy  deposits  are  miscible  with 
paint  and  would  quickly  discolor  it. 

Figure  7  shows  mated  southern 
pine  boards  from  which  solvent  was 
merely  allowed  to  evaporate  into  the 
air  for  a  period  of  1  to  2  months  after 
treatment,  and  others  which  were  va¬ 
por’  solvent  recovered  after  treatment. 
To  determine  the  effect  on  painta¬ 
bility,  these  boards  were  painted  with 
one  coat  of  Pittsburgh  white  under- 
coater,  and  24  hours  later  with  one 
coat  of  Pittsburgh  Titanic  outside 
white  and  then  exposed  on  a  test 
fence  for  one  year.  Discoloration  of 
the  paint  in  the  specimens  that  were 
not  vapor  processed  is  very  evident. 

Suitable  Solvents 

The  Vapor  Solvent  Recovery  Proc¬ 
ess  has  been  carried  out  using  a  num¬ 
ber  of  different  solvents  such  as 
Stoddard  solvent  (mineral  spirits) 
VM&P  naphtha,  xylol,  toluol,  high 
flash  coal  tar  naphtha,  perchloroeth- 
ylene  and  trichloroc“thylenc.  Physical 
operation  of  the  process  has  been 
found  to  be  equally  satisfactory  with 
any  of  these  chemicals  although  eco¬ 
nomic  considerations  favor  the  mix¬ 
tures  of  compounds  that  can  be  ob¬ 
tained  as  fractions  with  fairly  narrow 
boiling  ranges,  rather  than  the  pure 
compounds.  There  is  some  preference 
for  fractions  containing  aromatic  com¬ 
pounds  rather  than  straight  aliphatics 
for  this  operation,  both  because  of 
their  better  solvency  for  pentachloro¬ 
phenol  and  because  of  the  fact  that 
they  more  readily  dissolve  the  natural 
resins  of  the  wood  whose  removal  in 
the  vapor  processing  operation  im¬ 


proves  the  quality  of  the  surface  from 
the  standpoint  of  paintability. 

Vapor-Drying  and  Solvent  Recovery 

The  Vapor  Solvent  Recovery  opera¬ 
tion  can  be  carried  out  on  wood  that 
has  been  Vapor-Dried  as  well  as  air 
seasoned  or  kiln  dried.  For  2-inch, 
green  southern  pine  lumber,  alternat¬ 
ing  cycles  of  alwut  10  hours  Vapor- 
Drying,  comprising  one  hour  heating 
in  vapor  alternated  with  one  hour 
vacuum  cycles,  repeated  five  times,  is 
adequate  for  drying  prior  to  impreg¬ 
nation  with  copper  naphthenate  or 
pentachlorophenol.  The  impregnation 
with  preservative  is  carried  out  in  the 
same  vessel  in  which  the  wood  is 
Vapor-Dried  and  the  subsequent  sol¬ 
vent  recovery  operation  is  also  carried 
out  there.  By  utilizing  the  Vapor- 
Drying  Process  before  impregnation, 
and  Vapor  Solvent  Recovery  after  im¬ 
pregnation,  it  is  possible,  starting  with 
stump  green  lumber,  to  turn  it  out 
impregnated  with  either  copper  naph¬ 
thenate  or  pentachlorophenol,  free 
from  solvent,  and  at  less  than  10  per¬ 
cent  moisture  content,  in  about  19 
hours.  The  lumber  can  be  painted  or 
laminated  or  otherwise  handled  after 
treatment  without  encountering  any  of 
the  difficulties  that  are  experienced 
with  wood  treated  with  oil  borne  pre¬ 
servatives  by  present  methods  of  proc¬ 
essing. 


Costs 

In  table  2  is  shown  a  comparison 
of  the  cost  of  removal  of  solvent  from 
southern  pine  lumber  impregnated 
with  copper  naphthenate  or  pentachlo¬ 
rophenol.  Information  in  this  table  is 
predicated  on  the  use  of  a  wood  pre¬ 
serving  plant  equipped  for  Vapor  Sol¬ 
vent  Recovery  or  for  steaming,  having 
a  capacity  of  from  5,000  to  10,000 
FBM  of  timber. 

The  solvent  used  is  mineral  spirits 
and  its  cost  is  assumed  to  be  15  cents 
per  gallon,  which  weighs  about  6.5 
lbs.  It  is  assumed  that  the  wood  is 
impregnated  with  8  lbs.  of  solvent  per 
cubic  foot  containing  the  desired 
amount  of  copper  naphthenate  or  pen- 
tachlorophenol.  Retention  of  solvent 
after  Vapor  Solvent  Recovery  or  steam¬ 
ing  is  based  on  information  developed 
in  experimental  work  on  these  proc¬ 
esses.  For  air  drying,  stacking  of  the 
impregnated  wood  on  a  seasoning 
yard  for  at  least  six  weeks  after  treat¬ 
ment  is  assumed.  In  air  drying  all  of 
the  solvent  introduced  in  impregna¬ 
tion  is  lost  since  it  evaporates  into 
the  air. 

The  retention  of  copper  naphthe¬ 
nate  in  the  vapor  solvent  recovered 
lumber  is  assumed  to  be  I/2  Ib./cu.  ft. 
containing  8%  metallic  copper,  and 
costing  21  cents  per  lb.  Retention  of 


this  preservative,  after  removal  of  sol¬ 
vent  by  steaming,  was  determined  from 
relative  distribution  values  that  have 
been  obtained  in  experimental  work. 
The  relative  distribution  so  found 
was  used  to  calculate  the  average  re¬ 
tention  for  the  cross-section  that  would 
be  necessary  to  give  the  same  copper 
naphthenate  retention  in  the  center  of 
the  wood,  as  is  present  in  the  vapor 
solvent  recovered  wood  having  an 
average  retention  of  1/2  Ib./cu.  ft.  Tht 
amount  calculated  in  this  manner  was 
for  the  steam  recovered  wood,  0.57 
Ibs./cu.  ft.  of  copper  naphthenate 
The  amount  required  for  the  air  driet‘ 
wood  as  calculated  in  this  manner  wa' 
0.63  lbs.  per  cu.  ft. 

The  cost  of  removing  the  solver* 
includes  the  amortization,  deprecia 
tion,  and  maintenance  of  a  plant  to  d'  > 
this  work,  at  usual  rates  that  apply  t  • 
wood  preserving  equipment.  It  if: 
eludes  also  the  cost  of  steam  for  heat¬ 
ing,  the  plant  operator’s  time,  etc.  Th  • 
$1.50  per  M  shown  as  cost  for  remov¬ 
ing  solvent  under  the  air  drying  pro 
cedure  takes  into  consideration  the  n 
moval  of  the  treated  material  to  ,i 
yard  and  stacking  for  air  seasoning  to 
allow  the  solvent  to  evaporate. 

The  cost  Oi  carrying  out  the  in,- 
pregnation  process  is  not  included 
since  this  would  be  the  same  regard 
less  of  the  method  of  processing  after 
impregnation.  As  will  be  seen  from 
the  total  cost  figures  shown  at  the  foot 
of  the  copper  naphthenate  table,  the 
vapor  solvent  recovery  operation  costs 
less  than  recovery  by  steaming.  The 
air  drying  operation,  because  of  its 
great  loss  of  solvent  is  the  most  ex¬ 
pensive.  Although  steam  solvent  re¬ 
covery  can  be  carried  out  for  about 
the  same  cost  as  Vapor  Solvent  Recov¬ 
ery,  the  steam  processed  product  docs 
not  possess  the  very  decided  advantage 
of  surface  cleanliness  and  paintability 
that  is  obtained  by  the  use  of  the 
Vapor  Solvent  Recovery  Process. 

In  the  case  of  pentachlorophenol, 
the  retention  of  the  preservative  used 
in  calculating  cost  is  Ib./cu.  ft.  tor 
the  vapor  solvent  recovered  materi.il. 
The  average  retentions  for  the  steanr  d 
and  air  dried  wood  are  0.30  and  0.s8 
Ibs./cu.  ft.  respectively.  These  amou!  ts 
would  be  necessary  to  give  the  sa  le 
concentration  of  pentachlorophenol  m 
the  center  of  the  timber  so  processi  J, 
as  that  obtained  at  the  center  of  'ne 
vapor  solvent  recovered  material  h..v- 
ing  an  average  retention  of  %  lb.  u. 
ft.  The  cost  of  the  pcntachlorophe;'ol 
is  assumed  to  be  21  cents  per  lb.  In 
present  practice  when  pentachlorop’  e- 
nol  is  used  in  light  solvents  it  is  n.c- 
essary  that  an  anti-blooming  agent  ne 
added.  In  table  2  it  is  considered  t.iat 
the  anti-blooming  agent  is  added  in 
(Continued  on  page  230) 
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Air  Seasoning  of  California  Redwood 

VICTOR  H.  CLAUSEN 

Engineer,  California  Redwood  Association,  San  Francisco,  California 


A  study  was  made  of  the  effect  which  spacing  between  piles 
has  on  the  factors  which  must  be  considered  in  planning  and  oper¬ 
ating  redwood  air-drying  yards.  The  results  show  that  considerable 
savings  could  be  realized  by  spacings  much  wider  than  were  in 
common  use.  A  comparison  was  also  made  between  the  cost  of  air 
drying  and  kiln  drying  in  order  to  determine  the  point  at  which  it 
becomes  more  economical  to  dry  lumber  in  a  kiln  than  in  a  yard. 


Introduction 

Between  250  and  300  million 
feet  of  redwood  lumber  is  kiln 
dried  at  the  producing  mills  annually. 
Of  this  total,  approximately  70  per 
cent  is  sinker  or  heavy  lumber  with 
a  moisture  content  in  excess  of  150 
per  cent  when  sawn.  The  remaining 
lumber  ranges  downward  to  a  low 
moisture  content  of  about  40  per  cent. 

The  water  which  must  be  removed 
from  this  lumber  to  bring  it  down  to 
a  kiln  dried  condition  of  10  per  cent 
moisture  content  approximates  one 
billion  pounds.  Removal  of  such  a 
uantity  of  water  from  redwood  is 
one  at  considerable  expense  to  the 
industry.  It  is  the  purpose  of  this 
paper  to  report  the  results  of  recent 
investigations  into  the  influence  of 
several  aspects  of  pre-air  seasoning  on 
the  cost  of  drying  redwood. 

Almost  all  of  the  redwood  sawmills 
segregate  the  lumber  to  be  kiln  dried 
into  two  or  three  groups  according  to 
its  moisture  content  and  other  charac¬ 
teristics  which  affect  the  drying  time. 
The  segregated  lumber  is  then  placed 

ABOUT  THE  AUTHOR:  CLAUSEN. 
VR  TOR  H.  Received  BS  degree  in  "Lum¬ 
ber  Merchandising",  University  of  Minne- 
sot.i.  July  1946.  Master  of  Science  degree, 
Minnesota,  December  1949.  Experience 
with  U.  S.  Forest  Service  in  Colorado  and 
Minnesota  and  Ontario  Paper  Company  as 
timhir  cruiser.  Was  technical  sales  repre- 
sent.itive  for  Chapman  Chemical  Company 
in  Midwest  and  later  Inland  Empire.  Mem¬ 
ber  sigma  Xi.  Joined  FPRS  in  April  1949; 
Co-  iithor  of  technical  paper  presented  at 
thir  •  annual  FPRS  meeting  in  1949,  "De- 
veldsment  of  Collapse  in  Aspen  Lumber”; 
Co  ithor  of  article  in  November  1952 
Journal  of  the  FPRS,  Vol.  11,  No.  4.  "Oc- 
cun  nee  and  Probable  Cause  of  Heartwood 
Degiadation  in  Commercial  Species  of 
Pop  lus.” 


into  yards  to  dry  in  the  air  until  most 
of  the  water  which  can  be  removed 
by  the  atmosphere  is  gone  from  the 
wood. 

The  pre-air  drying  is  undertaken 
primarily  because  it  costs  less  to  re¬ 
move  a  large  part  of  the  free  water 


in  that  way  and  the  milder  yard  dry¬ 
ing,  as  compared  to  kiln  drying,  re¬ 
sults  in  less  degrade  from  seasoning 
defects.  It  also  greatly  reduces  the 
range  of  moisture  content  of  lumber 
going  into  the  kilns,  thereby  simplify¬ 
ing  the  problems  involved  in  kiln 
drying,  and  increasing  the  uniformity 
of  the  final  moisture  content. 

Because  of  the  high  initial  moisture 
content  and  the  slow  drying  condi¬ 
tions  in  the  yards,  most  of  which  are 
located  in  the  coastal  regions  of 
Northern  California,  pre-air  seasoning 
periods  of  several  years  have  not  been 
uncommon  for  redwood.  According  to 


Figure  1. — Redwood  pre-oir  seasoning  yard.  The  photograph  shows  an  end  view  of 
the  test  drying  yard.  In  the  part  of  the  yord  shown,  the  piles,  formed  by  pockages  stacked 
four  high,  are  spaced  eight  feet  apart. 
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Figure  2. — Plan  view  drawing  of  the  test  yard.  The  small  rec¬ 
tangular  divisions  represent  blocks  of  lumber  piles.  The  long 
dimension  of  the  packages  of  lumber  is  parallel  to  the  alleys. 
Blocks  containing  an  *‘S"  are  those  in  which  test  data  were  col¬ 
lected  with  somples  as  indicated  in  Figure  3. 
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Figure  3. — End  view  drawing  of  blocks  of  1  in.  sinker  redwoo ' 
showing  the  uniformity  of  drying  which  would  be  expected  after 
270  days  of  air  drying  on  each  of  the  three  spacings  studied. 
initial  moisture  content  of  200  per  cent  was  assumed  for  all  of  th.; 
lumber.  Sampled  packages  in  which  the  "S"  is  circled  were  sampled 
in  the  1  in.  sinker  test  blocks  only. 


Test  Procedure 


Peck  (1),  there  is  no  active  air-drying 
season  in  the  Redwood  Region.  In  an 
effort  to  reduce  the  long  period  of 
pre-air  seasoning,  studies  were  begun 
several  years  ago  on  the  factors  which 
might  influence  the  rate  of  drying. 

The  present  study  was  approached 
on  the  basis  that  the  air-drying  yards 
should  be  so  planned  that  the  air 
movement  around  each  piece  of  lum¬ 
ber  is  at  a  maximum  within  economic 
limits.  Determination  of  these  limits 
was  the  objective  of  the  study.  This 
approach  involved  a  consideration  of 
the  following  yard  characteristics 
which  influence  circulation  around  the 
individual  pieces  of  lumber. 

1.  Width  of  packages 

2.  Height  of  piles 

3.  Sticker  thickness 

4.  Orientation  of  piles  in  relation 
to  prevailing  winds 

5.  Spacing  between  piles 

The  optimum  conditions  for  the 
first  four  of  these  variables  can  be 
readily  ascertained  for  each  yard. 
Width  of  packages  and  height  of  piles 
are  usually  based  upon  the  handling 
equipment  to  be  used.  Generally  a 
nominal  four  foot  package  width  is 
used  and  the  packages,  which  are  also 

^  Peck,  Edwatd  C..  1950  Air  Drying  of  Lum¬ 
ber.  U.  S.  Dept,  of  Ag.  Forest  Products  Lab¬ 
oratory  No.  R1657. 


usually  four  feet  high  are  stacked  four 
or  five  high,  depending  upon  the 
stacking  equipment  and  stability  of 
the  piles. 

Sticker  thickness  is  commonly  Ya 
in.  However,  at  some  operations  a 
thinner  sticker  (I/2  in.)  is  used  be¬ 
cause  it  permits  more  lumber  to  be 
included  in  each  kiln  charge. 

Because  the  broad  sides  of  the  piles 
of  stuck  lumber  present  fairly  im- 
pentrable  surfaces  to  air  currents,  the 
piles  are  generally  arranged  with  their 
long  dimension  parallel  to  the  pre¬ 
vailing  winds.  Most  frequent  air 
change  in  the  yard  and  maximum  air 
movement  in  the  spaces  surrounding 
the  individual  pieces  of  lumber  is 
obtained  when  the  wind  is  parallel 
to  the  long  open  area-ways  between 
piles. 

The  yard  characteristic  which  has 
the  greatest  effect  on  air  circulation, 
and  therefore  on  rate  at  which  the 
lumber  dries,  is  the  spacing  between 
the  piles.  Early  tests  indicated  that  the 
pile  spacings  of  two  feet  and  less 
which  were  in  common  use  were  inef¬ 
ficient.  Using  these  tests  as  a  guide, 
the  California  Redwood  Association 
in  cooperation  with  the  Areata  Red¬ 
wood  Company  undertook  the  follow¬ 
ing  test  to  determine  the  economic 
limits  of  pile  spacing  in  the  air  dry¬ 
ing  yards. 


A  test  yard  was  laid  out  as  shown 
in  Figure  2.  Blocks  composed  en¬ 
tirely  of  one  of  each  of  the  following 
segregations  were  included  in  each  of 
the  three  spacings : 

1.  1  in.  sinker 

2.  in.  sinker 

3.  1  in.  light 

4.  2  in.  light 

Selected  boards  18  and  20  feet  long 
and  eight  inches  wide  with  a  moisture 
content  of  175  to  250  per  cent  for 
sinker  samples  and  60  to  100  per  cent 
for  light  samples,  with  a  ring  count 
of  30  to  50  rings  per  inch  were  cut 
into  four  foot  lengths.  A  two-in<.h 
section  was  removed  between  each 
four  foot  length  for  determination  of 
initial  moisture  content.  The  samples 
were  placed  in  the  center  of  tlie 
packages  as  indicated  in  Figure  3.  Tiie 
more  extensive  sampling  was  und  r- 
taken  on  1  in.  sinker  to  determine  tne 
effect  of  spacing  on  uniformity  )f 
drying  of  packages  as  well  as  r.  te 
of  drying. 

Sample  boards  within  the  center  of 
the  packages  were  weighed  before  •  e- 
ing  placed  into  the  packages  a  :d 
periodically  thereafter  until  the  lim¬ 
ber  was  removed  from  the  yard.  The 
moisture  content  of  the  sample  boa  is 
at  the  time  of  periodic  weighings  vas 
determined. 
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In  evaluating  various  drying  pro- 
t-  dures,  both  in  the  yard  and  kiln, 
i'  is  necessary  to  compare  the  efficiency 
li  different  drying  conditions.  The 
Ivst  way  of  comparing  efficiency  of 
crying  conditions  is  by  determining 
t.^cir  effect  upon  the  rate  of  drying. 

]  iowever,  the  rate  at  which  a  piece  of 
lumber  dries  is  dependent  not  only 
I  )on  the  drying  conditions  to  which 
tiic  lumber  is  subjected,  but  also  upon 
t'le  moisture  content  of  the  lumber 
!  self.  Therefore,  in  comparing  various 
(.  ying  conditions,  the  effect  of  sample 
I'ioisture  content  on  the  rate  of  dry¬ 
ing  must  be  eliminated.  Since  the  use 
cf  samples  of  exactly  equal  moisture 
content  would  be  extremely  difficult, 
a  simple  mathematical  method  of 
eliminating  the  effect  of  sample  mois¬ 
ture  was  used  in  the  analysis  of  the 
results. 

Manson  ( 1 )  has  shown  that  the 
ratio  between  the  drying  rate  and  the 
average  moisture  content  of  lumber 
drying  under  uniform  drying  condi¬ 
tions  tends  to  remain  constant  as  the 
moisture  content  of  the  lumber  de- 
Lieases.  This  ratio,  which  is  termed 
the  Drying  Rate  Factor,  can  be  ex¬ 
pressed  by  the  following  equation: 

(1)  Drying  Rate  Factor  = 
jLuss  of  Moisture  per  Unit  of  Time 
Average  Moisture  Content 

Because  the  Drying  Rate  Factor 
approximates  a  constant  under  con¬ 
stant  drying  conditions,  it  has  been 
very  useful  in  designing  optimum 
schedules  in  kiln  drying.  However, 
the  Drying  Rate  Factor  remains  a 
constant  only  if  the  lumber  continues 
to  lose  moisture  until  it  approaches 

*  Manson,  Byrne  C.,  1950,  Quality  Control 
and  the  Improved  Seasoning  Processes  of  the 
Redwood  Industry.  FPRS  Proceedings  4:2S>-35. 


zero  per  cent  moisture  content,  which 
would  require  drying  under  conditions 
in  which  the  equilibrium  moisture 
content  approaches  zero  per  cent. 
While  such  conditions  are  possible  in 
kilns,  atmospheric  conditions  in  air¬ 
drying  yards  preclude  equilibrium 
moisture  contents  close  to  zero  per 
cent. 

In  the  course  of  the  study,  it  was 
found  that  with  constant  drying  con¬ 
ditions,  the  ratio  between  the  rate  of 
loss  of  moisture  and  the  residual  mois¬ 
ture  in  the  wood  in  excess  of  the 
equilibrium  moisture  content  of  the 
atmosphere  in  which  the  wood  was 
drying  tended  to  remain  constant.  This 
relationship  was  reduced  to  a  factor 
called  the  Corrected  Drying  Rate  Fac¬ 
tor  which  is  expressed  by  the  follow¬ 
ing  equation: 

(2)  Corrected  Drying  Rate  Factor= 
Loss  of  Moisture  per  Unit  of  Time 
Average  Moisture  Content  Less 
Equilibrium  Moisture  Content 

The  Corrected  Drying  Rate  Factor, 
since  it  tends  to  remain  constant  for 
a  given  drying  condition,  can  be  used 
to  compare  samples  of  unequal  mois¬ 
ture  content.  It  can  also  be  used  to 
predict  the  rate  at  which  lumber  sub¬ 
jected  to  given  conditions  will  dry  by 
substituting  the  Corrected  Drying  Rate 
Factor  for  those  conditions  into  Equa¬ 
tion  (2)  and  solving  for  the  final 
moisture  content,  assuming  any  initial 
moisture  content. 

Corrected  Drying  Rate  Factors  were 
calculated  for  each  of  the  sample 
boards  placed  in  the  experimental 
yard.  The  equilibrium  moisture  con¬ 
tent  for  the  period  of  the  test  was 
estimated  from  a  U.S.  Department  of 
Commerce  Local  Climatological  Sum¬ 


mary  to  be  20  per  cent.  Corrected 
Drying  Rate  Factors  were  used  to  pre¬ 
dict  the  moisture  content  to  which 
lumber  in  the  different  locations 
would  dry  in  various  time  periods, 
assuming  that  all  lumber  of  one  segre¬ 
gation  had  the  same  initial  moisture 
content.  Thus  the  Corrected  Drying 
Rate  Factor  provided  a  method  of 
comparing  the  various  drying  condi¬ 
tions  of  the  test  yard. 

Results 

It  was  found  that  the  wider  the 
spaces  between  piles,  the  faster  and 
more  uniformly  the  lumber  dried. 
Figure  3  shows  the  effect  of  three 
pile  spacings  on  the  uniformity  of 
drying  1  in.  sinker.  The  illustrations 
were  prepared  assuming  that  all  of 
the  sinker  lumber  had  an  initial  mois¬ 
ture  content  of  200  per  cent,  and  the 
moisture  content  of  each  package  at 
the  end  of  270  days  was  calculated 
by  the  use  of  the  Corrected  Drying 
Rate  Factors  for  the  individual 
packages. 

In  the  end  view  of  the  packages  on 
the  four  foot  spacing  there  is  a  very 
pronounced  pattern  showing  vertical 
and  horizontal  gradients  in  the  mois¬ 
ture  content  within  the  block.  There 
is  very  little  pattern  in  the  blocks 
with  the  six  and  eight  foot  spacings. 

These  patterns  can  be  evaluated  by 
using  the  Corrected  Drying  Rate  Fac¬ 
tor  for  the  slowest  drying  package  on 
each  spacing  to  predict  the  time  re¬ 
quired  to  dry  all  of  the  lumber  of 
each  spacing  to  various  moisture  con¬ 
tents.  This  can  be  done  because  the 
slowest  drying  package  in  any  block 
will  determine  when  the  entire  block 
is  ready  to  be  transferred  to  the  kiln. 


'  jure  4. — Curves  showing  the  moisture  content  to  which  1  in. 
r  redwood  lumber  will  air  dry  os  a  function  of  the  time  it  is 
in  ie  drying  yard  in  blocks  with  4,  6  and  8  ft.  pile  spacings. 


Figure  5. — Turnover  of  1  in.  sinker  redwood  lumber  per  acre  as 
a  function  of  spacing  between  piles  and  moisture  content  to  which 
the  lumber  is  air  dried. 
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Figure  4  shows  the  effect  which 
pile  spacing  has  on  the  time  required 
to  reduce  the  slowest  drying  packages 
in  the  1  in.  sinker  blocks  to  various 
moisture  contents.  The  curves  for  the 
wider  spacing  of  the  1  in.  sinker  of 
Figure  4  and  of  the  other  segregations 
tested  occur  below  the  curves  for  the 
narrower  spacings.  This  relationship 
indicates  that  the  lumber  will  dry 
faster  on  wider  spacing.  Curves  such 
as  shown  in  Figure  4  were  used  to 
determine  the  time  required  to  dry 


blocks  of  lumber  to  various  moisture 
contents  on  the  various  spacings  tested. 

Another  important  consideration  in 
planning  an  air-drying  yard  is  the 
effect  which  pile  spacing  has  on  vol¬ 
ume  of  lumber  dried  per  acre  per 
year.  Turnover  per  acre  per  year  is 
particularly  important  at  some  plants 
in  which  the  land  available  for  drying 
yards  is  limited.  Figure  5  shows 
graphically  the  relationship  between 
rate  of  turnover  and  moisture  content 
to  which  the  lumber  is  dried  for  1  in. 


sinker  on  four,  six  and  eight  foot  pile 
spacings.  This  graph  was  prepared 
using  time  requirements  taken  from 
Figure  4. 

Turnover  of  lumber  per  acre  per 
year  dried  to  any  given  moisture  c(m- 
tent  increases  as  the  pile  spacing  is 
increased  from  a  minimum  and  reaches 
a  maximum  after  which,  unlike  the 
rate  of  drying,  further  increases  in 
pile  spacing  reduce  the  rate  of  turn¬ 
over.  Apparently  this  relationship  re¬ 
sults  from  the  following:  As  the  yird 
is  opened  at  the  narrower  spacings, 
the  rate  of  drying  increases  \ery 
rapidly  so  that  even  though  it  is  not 
possible  to  get  as  much  lumber  on 
each  acre  of  yard,  the  faster  rate  of 
drying  is  effective  enough  to  rt  ult 
in  a  net  increase  in  turnover.  Hdw- 
cver,  since  the  increase  in  drying  rate 
tends  to  level  off  with  increased  s|  ac- 
ings  beyond  a  certain  point,  the  eliect 
of  less  lumber  per  acre  on  those  si  ac- 
ings  beyond  that  point  more  than  off¬ 
sets  the  decreased  time  required  to  dry 
the  lumber  on  the  wider  spacings. 
The  net  effect  of  wider  spacing  be¬ 
yond  the  critical  point  is  to  deer  ase 
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Figure  8. — Solid  curve  showing  the  cost  of  removing  one  per  cent  moisture  content  from 
redwood  lumber  by  oir  drying,  os  o  function  of  the  moisture  content  of  the  lumber  and  the 
spacing  between  piles  in  the  drying  yord. 
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the  annual  turnover  rate  per  acre 
of  yard. 

For  the  particular  conditions  of  the 
Jests  on  I  in.  sinker,  the  greatest 
turnover  was  obtained  on  six  foot 
spacing.  Similar  graphs  for  other 
,cgregations  indicate  that  maximum 
•urnover  was  dependent  upon  the 
segregation  and  thickness  as  well  as 
on  pile  spacing.  That  is,  the  spacing 
which  gave  the  best  turnover  rates 
for  one  segregation  and  thickness  did 
not  result  in  the  greatest  turnover 
per  acre  per  year  for  other  segrega- 
:  ions.  For  example,  in  considering  1  ^ 
in.  sinker,  it  was  found  that  the  six 
foot  spacing  resulted  in  the  maximum 
lurnovcr  rates.  In  analyzing  the  results 
for  the  2  in.  light,  a  spacing  of  eight 
feet  between  piles  resulted  in  the 
maximum  turnover  rate. 

Drying  Cost  Analysis 

Since  for  1  in.  sinker  both  mini¬ 
mum  drying  time  and  maximum  turn¬ 
over  of  lumber  per  acre  per  year  did 
not  occur  at  the  same  pile  spacing, 
it  was  necessary  to  evaluate  their  ef¬ 
fects  on  a  cost  basis  to  determine  the 
optimum  spacing. 

The  cost  of  air  seasoning  lumber  in 
yards  may  be  broken  down  into  the 
following  elements: 

1)  Costs  based  on  value  of  lumber 
drying: 

'  A.  Interest 

B.  Taxes 

C.  Insurance 

2)  Costs  based  on  value  of  yard  in- 

I  eluding  land  and  improvements: 

A.  Depreciation  and  Interest 

B.  Taxes 

By  far  the  largest  part  of  the  cost 
of  air  seasoning  lumber  can  be  attrib¬ 
uted  to  those  costs  based  on  the  value 
of  the  lumber  in  the  yard.  Even  at 
plants  in  which  the  yards  are  paved, 
depreciation,  interest  and  taxes  on  the 
yard  itself  represent  only  about  one- 
tenth  of  the  total  cost  of  air  drying. 
Because  of  this  relationship,  the  prob¬ 
lem  of  minimizing  the  total  cost  of 
air  seasoning  resolves  itself  largely 
into  one  of  minimizing  time  required 
to  dry  the  lumber.  It  has  been  shown 
experimentally  that  improper  spacing 
Will  restrict  the  rate  of  drying  of  the 
lumber  and  that  by  opening  such 
yards  the  rate  of  drying  is  increased. 
In  increasing  the  spacing  between 
piles  a  point  is  reached,  eventually, 
where  increasing  the  spacing  may  not 
decrease  costs  resulting  from  decreased 
time  in  proportion  to  the  increased 
cost  of  the  extra  yard  area  required. 
Since  this  point  is  dependent  upon 
th  drying  climate,  it  is  necessary  to 
e\  iluatc,  at  each  plant,  the  various 


spacings  which  may  be  near  the 
optimum. 

Having  determined  the  cost  per 
day  of  those  items  listed  above  as 
costs  of  air  drying,  the  actual  cost  to 
dry  the  lumber  can  be  calculated  by 
multiplying  the  total  cost  per  thousand 
board  feet  per  day  of  keeping  the 
lumber  in  the  yard  by  the  numb^er  of 
days  required  to  dry  it  from  any  initial 
moisture  content  to  any  desired  final 
moisture  content.  The  number  of  days 
required  to  dry  the  lumber  may  be 
taken  from  curves  such  as  those  in 
Figure  4.  Cost  data  and  the  method 
of  using  it  for  the  preparation  of  air 
and  kiln  drying  cost  curves  are  shown 
in  Table  1. 

Cost  of  drying  1  in.  sinker  to  vari¬ 
ous  moisture  contents  using  four,  six 
and  eight  foot  spacings  in  the  test 
yard  are  shown  graphically  in  Figure 
6.  The  cost  to  dry  each  successive 
one  per  cent  moisture  from  the  lumber 
at  any  moisture  content  can  be  deter¬ 
mined  from  these  curves.  Figure  7  is 
a  graph  of  the  data  obtained  in 
this  manner  from  the  cost  curves  of 
Figure  6. 

It  is  apparent  from  the  cost  curves 
that  of  the  three  spacings  tested,  the 
eight  foot  spacing  resulted  in  lowest 
drying  costs  for  the  I  in.  sinker.  In 
order  to  determine  the  actual  spacing 
which  could  be  expected  to  give  the 
lowest  possible  costs,  the  cost  data 
in  the  family  of  curves  of  Figure  7 
was  used  to  prepare  Figure  8. 

The  shape  of  the  solid  curve  of 
Figure  8  indicates  that  a  spacing  of 
seven  to  eight  feet  would  result  in 
the  lowest  cost  for  removal  of  all  or 
any  part  of  the  moisture  and  a  spacing 
greater  than  eight  feet  or  less  than 
seven  feet  would  increase  the  cost. 
The  actual  minimum  cost  occurred 
somewhere  between  seven  and  eight 
feet.  It  is  likely  that  the  same  spacing 
would  be  optimum  for  slightly  faster 
summer  drying  conditions  as  well  as 
for  the  conditions  under  which  the 
test  was  made. 

From  Figures  4,  5,  and  8,  it  is 
apparent  that  a  decision  should  be 
made  between  the  6  and  8  foot  spac¬ 
ings  for  the  yard  in  which  the  tests 
were  made.  The  effect  of  each  spacing 
on  the  factors  which  must  be  consid¬ 
ered  in  making  this  decision  is  shown 
in  Table  2.  For  this  analysis  the  pro¬ 
duction  to  be  dried  was  assumed  to  be 
in  the  proportions  shown  in  column 
B.  Values  obtained  for  1  in.  light  were 
used  for  in.  light  since  the  latter 
segregation  was  not  included  in  the 
test.  It  was  assumed  in  the  analysis 
that  all  of  the  lumber  was  to  be  air 
dried  to  a  moisture  content  of  45 
per  cent. 


Summary 

The  following  is  a  summary  of 
the  analysis: 

1.  Spacing  the  piles  eight  feet  apart 
will  require  .065  acres  more  per 
million  board  feet  dried  than  if 
they  were  spaced  six  feet  apart. 

2.  Spacing  the  piles  eight  feet 
apart  will  require  $780.00  more 
capital  investment  per  million 
board  feet  dried  than  if  they 
were  spaced  six  feet. 

3.  Spacing  the  piles  eight  feet  apart 
will  result  in  a  total  drying  cost 
of  $745.00  less  per  million 
board  feet  dried  per  year  than 
if  six  foot  spacing  is  used. 

Because  1  in.  sinker  usually  com¬ 
prises  over  half  of  the  lumber  in  red¬ 
wood  air-seasoning  yards,  and  also 
since  optimum  conditions  of  air  dry¬ 
ing  are  nearly  the  same  for  all  segre¬ 
gations,  and  since  it  is  practical  to 
select  one  spacing  for  the  yard,  the 
most  economical  spacing  for  the  1  in. 
sinker  should  determine  the  spacing 
used  throughout  the  entire  air  dry¬ 
ing  yard. 

Efficient  plant  operation  requires 
that  lumber  be  dried  at  as  low  a  cost 
as  possible  without  degrading.  This 
means  that  not  only  must  the  charac¬ 
teristics  of  an  efficient  yard  be  deter¬ 
mined,  but  in  each  plant  a  comparison 
should  be  made  between  the  cost  of 
removing  the  moisture  by  air  and  by 
kiln  drying. 

The  cost  of  kiln  drying  lumber  may 
be  broken  down  into  the  following 
elements: 

1.  Costs  based  on  value  of  lumber 
being  dried. 

A.  Interest 

B.  Taxes 

C.  Insurance 

2.  Costs  based  on  value  of  kiln 
investment. 

A.  Depreciation  and  Interest 

B.  Taxes 

C.  Insurance 

3.  Cost  of  power  requirements 

4.  Cost  of  degrade  from  kiln  dry¬ 
ing 

5.  Supervision  and  Labor 

Those  costs  per  day  of  kiln  drying 
which  are  based  on  the  value  of  the 
lumber  are  equal  to  the  costs  per  day 
of  air  drying  based  on  the  value  of 
the  lumber.  However,  unlike  yard  dry¬ 
ing,  these  costs  based  on  the  value  of 
the  lumber  represent  a  very  small  part 
of  the  total  cost  of  kiln  drying  lum¬ 
ber.  They  probably  never  exceed  five 
per  cent  of  the  cost  of  kiln  drying. 

The  costs  of  kiln  drying  based  on 
the  value  and  operation^^pf  the  kilns 
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Table  1 — YARD  DRYING  COST  ANALYSIS 

LUMBER  COSTS 

Value  of  lumber  (rouKh  Rreen  in  yard):  $125  per  M.b.m. 

Interest _ _  .  _ _ _ 

Taxes _  ...  .  _  _ _ _ _ 

Insurance _  .  ..  . . . . . . . . . 

Total  cost  per  M.b.m . .  . . . . . . 

Total  cost  per  M.b.m . . . . . . 


$7 . 50  per  year 
1 . 14  per  year 
1.00  per  year 
$9 . 64  per  year 
0.0264  per  day 


YARD  COSTS 

Value  of  yard  (land  and  improvements):  $12,000  per  acre 
Depreciation  and  Interest. 

Taxes _  .  ...  _  . . 

Total  cost  per  acre _  _  _ 

Total  cost  per  acre _  _ _ 


$1 ,325  per  year 
240  per  year  • 
$1,565  per  year 
$  4.26  per  day 


COST  PER  DAY  OF  YARD  DRYING 

Yard  Spacing 


M.b.m.  per  acre . 

Y ard  cost  per  acre  per  day .  .  . 
Yard  cost  per  M.b.m.  per  day 
Lumber  cost  per  M.b.m.  day. 


4  ft. 
1,025 
$4.26 
$  .00416 
$  .02640 


6  ft. 
875 
$4.26 
$  .00487 
$  .02640 


8  ft. 
768 
$4.26 
$  .00.5.54 
$  .02640 


Total  yard  drying  costs  per  M.b.m.  per  day. 


$  .030.56  $  .03127  $  .03194 


Table  2 — ANALYSIS  OF  THE  EFFECT  OF  6  FT.  AND  8  FT.  SPACING  ON  TOTAL  AIR 
DRYING  COSTS,  AREA  AND  CAPITAL  REQUIREMENTS 


Segregation 


Production 
of  Each 
SeKregation 
Per  Million 
Bd.  Ft.  Dried 
M.b.m. 

Turnover  Per 
Acre  Per  Year 
(Fig.  5) 

M. M.b.m. 

Area  Required 
For  Each 
Segregation 

Per  Million 

Bd.  Ft. 

Total  Dried 
(Col.  B..^Col.  C) 
Acres 

Cost  of  Drying 
(Fig.  6) 

$  Per  M.b.m. 

Total  Cost  of 
Drying  Per 
Million  Bd. 

Ft.  Dried 
(Col.  B.  XCol.  E) 
$ 

6'  8' 

6'  8' 

6'  8' 

6'  8' 

1  in.  Sinker .  650  0.92  0.82  .  710  .  790  9.75  9.25 

1  in.  Light .  .50  6.20  10.00  .  008  .  005  2.60  1.10 

1L4  in.  Sinker...  .50  0.95  0.85  .  0.53  .  059  12.00  11.20 

IJi  in.  Light -  50  6.20  10.00  .  008  .  005  2.60  1.10 

2  in.  Light -  200  4.40  6.60  .045  .030  2.90  1.75 

Total . .  1,000  .  824  .  889 


Capital  cost  for  yard  per  million  bd.  ft.  =  Area  requirt^  per  million  bd.  ft.  Xcost  per  acre 
For  6' spacing:  .824X12,000  =  $  9,888 
For  8'  spacing:  .  889  X 12 , 000  =  $  10 . 668 


6,337  6,012 

130  55 

600  560 

130  55 

580  350 

7,777  7,032 

($12,000)  for  yard. 


Table  3 — KILN  DRYING  COST  ANALYSIS 


COSTS  BASED  ON  KILN  INVESTMENT  ($218,000) 

Depreciation  and  Interest .  . . .  .  _  $29 , 600  per  year 

. -  -  -  - . .  --  . .  4.360  per  year 

Insurance..  —  -  -  .  -  _  2,000  per  year 

Maintenance  - -  - - - -  7,640  per  year 


T  otal . . 

Total . 

Electric  power _ 

Fuel  Oil _ _ 

Supervision  and  labor 


$43 , 500  per  year 
119.20  per  day 
24.30  per  day 
44.45  per  day 
20.00  per  day 


Total  kiln  costs. 


$  207.95  per  day 


Kiln  cost  per  M.b.m.  based  on  kiln  capacity  of  216  M.b.m.  per  charge.  .  _ $0,962  per  day 

Lumber  cost  per  M.b.m.  (Table  1.).. . . .  .  . .  ....  $0 . 0264  per  day 


Total  kiln  drying  cost  per  M.b.m.  per  day . . . .  .  _  .  $0.9884 

Total  kiln  drying  cost  per  M.b.m.  per  hour _ _ _ _  .  _ $0.0412 


are  analyzed  in  Table  .5  for  the  same 
plant  at  which  the  drying  cost  analy¬ 
sis  was  made. 

While  redwood  can  be  kiln  dried 
from  any  green  moisture  content  to 
a  moisture  content  of  10  per  cent  with 
little  or  no  degrade,  the  cost  of  drying 
by  the  mild  schedule  required  is  pro¬ 
hibitive.  Consequently,  if  redwood  is 
to  be  kiln  dried  economically,  some 
degrade  will  result,  and  the  degree  of 
loss  will  depend  upon  the  moisture 
content  of  the  lumber  at  the  time  it 
goes  into  the  kiln.  The  higher  the 
initial  moisture  content,  the  greater 
are  the  expected  losses.  The  relation¬ 
ship  between  initial  moisture  content 
and  losses  from  degrade  for  1  in. 
sinker  redwood  has  been  found  to 
conform  to  a  straight  line  curve'' 
which  can  be  expressed  by  the  'fol¬ 
lowing  equation: 

•  Pratt.  Willard  K.  1951  Drying  Cost  Study. 
California  Redwood  Association  Research  Report 
Index  No.  3.20,500.  Interim  Report  A. 


Degrade  (in  $)  ==  ((.018)  (Ini¬ 
tial  Moisture  Content  in  %))  —  .36 

This  equation  may  be  used  to  esti¬ 
mate  the  degrade  losses  which  will 
result  in  kiln  drying  1  in.  sinker  red¬ 
wood  from  any  initial  moisture  content. 

The  total  costs  of  kiln  drying  1  in. 
sinker  from  various  original  moisture 
contents  were  calculated  and  the  total 
costs  were  converted  to  the  cost  of 
drying  each  successive  one  per  cent 
moisture  from  the  lumber.  A  graph 
of  this  cost  data  was  superimposed  on 
the  similar  cost  curve  for  air  drying. 
Figure  7. 

It  is  obvious  that  wherever  the  kiln 
drying  curves  are  below  the  air  drying 
curves  in  Figure  7,  it  costs  less  to 
kiln  dry  and  the  water  should  be  re¬ 
moved  from  the  lumber  in  a  kiln.  It 
is  also  apparent  from  Figure  7  that  it 
would  have  been  less  expensive  to  dry 
the  lumber  entirely  in  a  kiln  instead 


of  partially  drying  on  the  four  foot 
spacing.  After  the  lumber  on  the  six 
foot  spacing  dropped  below  the  65 
per  cent  moisture  content  level  it 
could  be  dried  for  less  cost  in  the  kiln. 
The  critical  moisture  content  on  the 
eight  foot  spacing  was  at  55  per  cent, 
where  the  curves  intersect,  and  drying 
below  this  moisture  content  can  be 
done  in  the  kiln  for  less  than  on  any 
spacing  in  the  yard. 

Conclusions 

The  narrow  pile  spacings  which 
have  been  in  common  use  in  rcdwooi. 
air  seasoning  yards  are  inefficien: 
whether  considered  from  the  stand 
point  of  turnover  of  lumber  per  acr 
per  year,  time  to  dry  the  lumber  t( 
any  given  moisture  content,  or  cos 
to  dry  the  lumber. 

The  economic  limits  of  increase, 
pile  spacing  can  be  determined  for  an 
redwood  drying  yard.  In  the  test  yar.i 
in  which  the  study  was  made,  a  spac 
ing  of  between  six  and  eight  feet  i' 
most  economical,  but  slightly  less  yarJ 
area  would  be  needed  for  a  givei 
annual  production  with  a  six  foor 
spacing. 

If  drying  costs  are  to  be  held  to  .i 
minimum,  the  point  at  which  it  bi- 
comes  more  costly  to  air  dry  than  kiln 
dry  must  be  determined  and  observei.! 
in  the  drying  process.  This  point  0( 
curred  at  55  per  cent  moisture  content 
in  the  case  of  1  in.  sinker  which  was 
air  dried  under  the  most  economical 
conditions  tested. 

Considerable  unnecessary  cost  may 
accrue  from  the  inefficient  operation 
of  redwood  drying  yards. 

Discussion 

H.  /.  M.  Jorgenson  (Jorgenson - 
Bennett  Manufacturing  Company)  :  Is 
the  plant  located  on  a  large  body  of 
water? 

Mr.  Clausen:  Yes,  the  plant  .it 
which  the  was  made  is  located  on 
Humboldt  Bay  on  the  Pacific  Ocean. 

Mr.  Jorgenson:  What  is  the  Eqi  i- 
librium  moisture  content  and  ho.v 
does  it  vary  due  to  the  change  in 
season  ? 

Mr.  Clausen:  Along  the  coast  it  :s 
approximately  20%  with  practically 
no  variation  during  the  year. 

Robert  IF.  W^ellii’ood  (Univer-i  y 
of  British  Columbia):  Do  you  expc:i- 
ence  any  Collapse  in  air  drying? 

Mr.  Clausen:  A  small  amount  of 
collapse  sometimes  results  from  .nr 
seasoning  at  those  redwood  mills  o- 
cated  inland  from  the  ocean.  T  le 
amount  is  very  little. 
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Kiln  Drying  Water  and  Swamp  Tupelo 

JOHN  M.  McMILLEN 

Technologist,'  Forest  Products  Laboratory,®  Forest  Service,  U.  S.  Department  of  Agriculture 


*  Experimental  kiln  runs  made  by  collabora¬ 
tors  Ole  Karlsen,  Institute  of  Woodworking 
and  Wood  Technology,  Oslo,  Norway,  and 
Sixto  I.  Pericchi,  University  de  Los  Andes, 
Merida,  Venezuela,  under  the  direction  of  the 
author. 

Maintained  at  Madison,  Wis.,  in  coopera¬ 
tion  with  the  University  of  Wisconsin. 


ern  Texas,  and  northward  up  the  Mis¬ 
sissippi  Valley  to  southern  Illinois. 
The  range  of  swamp  tupelo  is  approxi¬ 
mately  the  same  as  that  of  water 
tupelo,  except  that  it  rarely  grows 
north  of  Baton  Rouge,  La.  Ogeechee 
tupelo  is  rare  and  of  little  commercial 
importance. 

Blackgum  lumber  has  long  been 
used  commercially,  and  its  seasoning 
characteristics  arc  w'cll  known.  Specific 
kiln  schedules  w'ere  reported  by  Tor- 
geson,^  and  standard  kiln  schedules 
T12-E5  and  T11-D3  are  listed  for  the 
4/4  to  6/4  and  8/4  lumber,  respcc- 

*  Accelerated  Type  of  Kiln-Drying  Schedules 
for  1-  and  2-inch  Blackgum.  O.  W.  Torgeson. 
South.  Lhrmn.  Dec.  15,  1946. 
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stuiing,  special  seasoning  methcxls,  kiln- 
sch  dule  development  and  analysis  of  in¬ 
ter.  i.il  stresses  in  wood  during  drying.  Re- 
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mc  t  of  water  repellents  and  end  coatings 
in  le  wood  preserving  industry.  Joined  the 
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Figure  1. — Water  tupelo  {Nyssa  aquatica)  growing  in  typicol  site  in  Louisiana. 


Describes  tests  run  to  determine  proper  kiln  schedules  for  dry¬ 
ing  of  sap  and  heartwood  of  swamp  and  water  tupelo.  Schedules 
determined  as  practical  are  given.  Various  separations  by  species 
and  by  sap  and  heartwood  are  suggested  for  best  results.  Control 
of  warping  and  case-hardening-relief  and  final  moisture  content  are 
also  discussed. 


Introduction 

Among  the  more  common  trees  of 
-tl.  the  South  are  the  tupelos.  The 
name  "tupelo”  includes  four  species 
of  the  genus  Nyssa:  namely  Nyssa 
s\lvatica,  black  tupelo;  N.  sylvatka 
var.  hi  flora,  swamp  tupelo;  N.  aqua¬ 
tica,  water  tupelo;  and  N.  ogee  he, 
ogeechee  tupelo.  The  lumber  from  the 
black  tupelo  is  commonly  called  black¬ 
gum,  and  that  from  water  tupelo  is 
called  simply  tupelo.  The  lumber  from 
the  swamp  and  ogeechee  tupelos  may 
be  mixed  in  with  that  from  either  of 
the  other  species  because  there  is  no 
way  of  distinguishing  the  species  by 
wood  structure  or  general  lumber 
characteristics. 

Black  tupelo  grows  in  most  of  the 
territory  east  of  the  Mississippi  and 
southwest  to  central  Texas.  In  the 
North  it  occurs  in  wet  locations  as 
well  as  on  high  ground,  but  in  the 
South  it  is  generally  restricted  to  rela¬ 


tively  w'ell-drained  sites.  The  other 
species  grow  in  fresh- water  swamps 
and  along  the  edges  of  streams  and 
ponds  in  the  South  and  Southeast. 
Water  tupelo  is  the  most  prevalent 
and  grows  in  a  belt  about  100  miles 
wide  along  the  Atlantic  coast  from 
Virginia  to  northern  Florida,  west¬ 
ward  through  the  Gulf  States  to  south¬ 
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Figure  2. — Kiln  conditions  and  drying  curve  for  1-inch  sopwood  of  water  tupelo  and  swamp 
tupelo  dried  together  using  schedule  T12-E5. 


tively,  in  the  Forest  Products  Labora¬ 
tory  report.  No.  D1791,®  on  its  new 
schedules  for  the  kiln  drying  of  wood. 

Until  comparatively  recent  times, 
the  lowland  species  of  tupelo  were  by¬ 
passed  as  of  low  value.  Lately,  how¬ 
ever,  commercial  interest  has  increased 
in  water  tupelo,  and  the  lumber  has 
appeared  on  the  market  under  the 
name  "tupelo,”  or  sometimes  as  "bay 
poplar.” 

At  the  time  of  publication  of  Re¬ 
port  No.  D1791,  satisfactory  data 
were  lacking  on  kiln  schedules  for 
water  tupelo;  so  it  was  assigned  the 
same  schedules  as  blackgum.  Informa¬ 
tion  reached  the  Laboratory,  however, 
that  these  schedules  were  not  always 
satisfactory  and  that  difficulties  were 
encountered  in  drying  water  tupelo 
heartwood  by  any  schedule  without 
excessive  degrade.  As  a  part  of  its 
program  of  research,  the  Forest  Prod¬ 
ucts  Laboratory  decided  to  obtain  a 
considerable  quantity  of  water  tupelo 
and  determine  which  of  the  schedules 
listed  in  Report  No.  D1791  are  most 
suitable  for  it. 

Discussion  with  members  of  the 
staff  of  the  Southern  Forest  Experi¬ 
ment  Station,  New  Orleans,  La., 
brought  out  that  swamp  tupelo  or 
swamp  blackgum  (N.  sylvatica  var. 

®  Schedules  for  the  Kiln  Drying  of  Wood. 
O.  W.  Torgeson.  U.  S.  Forest  Products  Lab¬ 
oratory  Report  No.  D1791.  Feb.  1951. 


biftora)  grows  quite  generally  in  asso¬ 
ciation  with  water  tupelo;  so  the  study 
was  extended  to  this  species.  Because 
of  the  necessity  of  distinguishing  be¬ 
tween  these  two  species,  the  terms 
"water  tupelo”  and  "swamp  tupelo,” 
instead  of  the  simple  term  "tupelo,” 
are  used  for  the  lumber  throughout 
this  report.  A  photograph  of  water 
tupelo  is  shown  in  figure  1. 

The  sizes  covered  by  this  report  are 
4/4  and  6/4  lumber. 

Material  and  Experimental 
Procedure 

The  material  consisted  of  eight  16- 
foot  water  tupelo  logs  ranging  from 
18  .to  28  inches  and  seven  l6-foot 
swamp  tupelo  logs  ranging  from  16 
to  25  inches  in  diameter  inside  the 
bark  at  top  end.  It  came  from  the 
vicinity  of  Pontchatula,  La.,  and  was 
donated  by  Mississippi  Products,  Inc., 
Jackson,  Miss.  The  logs  were  gener¬ 
ally  classified  as  good  sawlog  and 
veneer  grade.  No  low-density  swollen 
butts  were  included.  An  8-foot  length 
of  five  logs  from  each  of  the  two  spe¬ 
cies  was  used  as  material  for  veneer¬ 
cutting  studies  reported  elsewhere.® 

Soon  after  the  logs  were  received 
at  the  Laboratory,  a  variety  of  items 

•  The  Rotary  Veneer  Cutting  and  Drying 
Properties  of  Tupelo.  John  Lutz.  Unpublished 
report  of  U.  S.  Forest  Products  Laboratory. 


proposed  for  study  were  marked  out 
on  the  end  of  each  log.  Those  in  the 
dark-colored  central  portion  were  des¬ 
ignated  as  heartwood,  and  those  in 
the  lighter  outer  zone  as  sapwood. 
The  items  were  sawed  out  according 
to  the  marking  in  considerably  over¬ 
size  boards,  which  were  then  stored 
in  the  green  condition  at  a  tempera¬ 
ture  of  35°  F.  Immediately  prior  to 
each  series  of  experiments,  the  mate¬ 
rial  needed  was  rough-dressed  to  the 
slightly  oversize  dimension  common 
to  green  hardwood  lumber. 

The  dressed  boards  were  cut  into 
short  specimens  28  inches  long,  usin^ 
the  general  procedures  described  in 
Forest  Products  Laboratory  Report 
No.  R1607.'  There  was  considerable 
variation  in  the  green  moisture  con 
tent  of  individual  specimens.  Water 
tupelo  varied  from  102  to  184  percent 
for  heartwood  and  80  to  163  percen- 
for  sapwood.  Swamp  tupelo  variei‘ 
from  63  to  140  percent  for  heart 
wood  and  84  to  135  percent  for  sap 
wood.  Average  specific  gravities  wen 
0.42  for  water  tupelo  and  0.48  for 
swamp  tupelo. 

For  the  purpose  of  the  experiments, 
one  end  of  each  specimen  was  ent! 
coated  to  help  the  specimen  approxi 
mate  the  drying  rate  of  full-length 
material,  while  the  other  end  was  left 
uncoated  to  show  the  effect  of  the 
kiln  conditions  on  the  control  of  end 
checking. 

Fourteen  kiln  runs  were  made  in 
all,  the  first  ones  attempting  to  check 
the  suitability  of  the  blackgum  sched¬ 
ules  for  these  woods,  the  others  at 
tempting  to  apply  various  principles 
of  acceleration  to  speed  up  the  drying 
after  it  was  discovered  that  milder 
initial  conditions  were  necessary  for 
the  water  and  swamp  tupelos.  The 
schedules  and  drying  times  for  the 
different  items  are  shown  in  table  !. 
Since  it  was  found  that  there  was  .i 
very  great  difference  in  drying  char¬ 
acteristics  of  the  sapwood  and  the 
heartwood  of  both  species  and  that 
the  swamp  tupelo  or  swamp  blackgum 
withstood  more  severe  schedules  th.m 
the  water  tupelo  and  dried  faster,  tlie 
separate  items  are  arranged  in  the 
table  and  in  the  text  in  progressive 
order  from  the  easiest  to  the  hardt-.t 
drying  job.  Also,  wherever  a  num¬ 
bered  schedule,  such  as  T12-E5,  is 
shown,  it  refers  to  the  standard  sched¬ 
ules  published  in  Forest  Products  L..;> 
oratory  Report  No.  D1791.'’’ 

Results  With  4/4  Lumber 

Sapwood,  Both  Species:  The  first 
run  was  made  on  the  sapwood  of  bdfh 
species,  using  the  schedule  given  tor 
blackgum,  T12-E5.  This  schedule 

’’  Use  of  Kiln  Samples  in  Operating  a  Lun-  er 
Dry  Kiln.  H.  H.  Smith.  U.  S.  Forest  Prod  ;t$ 
Laboratory  Report  No.  R1607.  1948. 
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Figure  3. — Kiln  conditions  and  drying  curve  for  1-inch  woter  tupelo  heortwood 
using  schedule  T8-F4. 


jjroved  to  be  generally  satisfactory. 
There  was  very  little  surface  checking, 
'ssociated  with  defects  in  the  wood, 
fnd-check  penetration  was  limited  to 
_  inches.  In  this  thickness,  the  wet¬ 
test  swamp  tupelo  did  not  dry  much 
'  ister  than  the  water  tupelo.  The 
t  >tal  kiln  time,  including  2  days  of 
equalization  and  %  day  of  condition- 
iiig,  was  5%  days.  The  kiln  schedule, 
the  kiln  conditions  actually  used,  and 
the  drying  curve  of  the  wettest  half  of 
the  kiln  samples  of  both  species  are 
shown  in  figure  2.  The  actual  kiln 
conditions  departed  from  the  kiln 
schedule  for  two  reasons.  First,  the 
drying  rate  was  so  fast  that  steps  Nos. 

3  and  4  of  the  schedule  were  by¬ 
passed.  Second,  equalization  had  to  be 
started  at  the  end  of  3  days  of  drying 
because  the  driest  samples  were  down 
to  the  minimum  moisture  content 
value,  while  the  average  moisture  con¬ 
tent  of  the  wettest  samples  was  still 
comparatively  high.  The  swamp  tu¬ 
pelo  probably  could  have  been  dried 
by  itself  in  4  days,  but  segregation 
may  not  be  practical  for  4/4  stock. 
The  final  average  moisture  content  in 
this  run  was  high  because  of  the  slow 
drying  of  the  wetter  samples  during 
equalization.  In  later  runs  equaliza¬ 
tion  was  not  started  until  "wild”  kiln 
samples  that  seemed  to  dry  at  an  un¬ 
usually  fast  rate  had  dried  to  2  or  3 
percent  below  the  set  minimum  mois¬ 
ture  content  value,  and  in  some  runs 
the  equalizing  E.  M.  C.“  was  set  1 
percent  lower  than  the  standard  rec¬ 
ommendations. 

Heartwood,  Water  Tupelo:  The 
first  run  on  4/4  heartwood  included 
both  the  water  and  the  swamp  tupelo 
and  followed  schedule  T12-E5.  Both 
species  end  checked  excessively  and 
honeycombed  under  these  severe  con¬ 
ditions.  As  an  expedient,  both  species 
were  dried  together  again  with  a 
schedule  derived  from  a  sweetgum 
heartwood  schedule,  as  far  as  tempera¬ 
ture  and  humidity  numbers  were  con¬ 
cerned.®  The  humidity  letter  was  modi¬ 
fied  so  as  to  allow  for  the  extremely 
high  moisture  content  of  the  tupelos 
in  the  green  condition.  The  resultant 
schedule  was  T8-F4.  The  kiln  sched¬ 
ule,  actual  kiln  conditions,  and  the 
drying  curve  of  the  wettest  half  of  the 
water  tupelo  specimens  are  shown  in 
figure  3.  The  moisture  content  values 
of  these  water  tupelo  specimens  at  the 
time  kiln  changes  were  made  were 
higher  than  the  schedule  called  for  be¬ 
cause  actual  operation  was  based  on 
Specimens  of  both  species. 

Figure  3  also  indicates  the  extremely 
f-st  drying  rate  of  sapwood  included 
ir  the  run.  It  shows  the  disadvantage 
ol  including  sapwood  in  a  heartwood 
h  in  charge  because  of  the  necessity 


of  starting  the  equalizing  while  the 
charge  still  is  at  the  lower  tempera¬ 
tures.  This  probably  increased  drying 
time  2  days  or  more. 

The  water  tupelo  heartwood  showed 
a  slight  amount  of  surface  checking 
and  end  checking  with  penetrations 
up  to  6  inches.  Also,  the  slowest- 
drying  specimen  showed  very  slight 
honeycombing.  It  is  believed  that  dry¬ 
ing  defects  would  not  have  been  ex¬ 
cessive  if  temperature  changes  had 
not  been  made  until  the  moisture  con¬ 
tent  was  down  to  30  percent. 

Heartwood,  Swamp  Tupelo:  In 
the  matter  of  seasoning  defects,  the 
schedule  shown  in  figure  3  was  en¬ 
tirely  satisfactory  for  swamp  tupelo. 
It  showed  only  minor  end  checks,  sur¬ 
face  checks  in  defective  areas,  and 
maximum  penetration  of  end  checks 
of  II/2  inches.  Subsequent  research, 
however,  showed  that  the  6/4  could 
be  dried  by  a  more  severe  kiln  sched¬ 
ule,  so  the  more  severe  schedule  is 
also  recommended  for  the  4/4. 

Results  With  6/4  Lumber 

Because  of  the  results  obtained  with 
the  4/4  stock,  all  experimental  runs 
on  the  6/4  stock  were  separate  as  to 
sapwood  and  heartwood,  also  species. 

Sapwood,  Swamp  Tupelo:  The 
most  satisfactory  kiln  schedule  for  6/4 


swamp  tupelo  sapwood  is  shown  in 
figure  4,  along  with  the  actual  kiln 
conditions  and  the  drying  curve  of 
the  wettest  samples.  The  schedule, 
T12-E5,  is  the  same  as  the  schedule 
for  4/4  sapwood.  Drying  time  was 
5^  days.  This  is  slightly  less  than 
the  drying  time  for  the  4/4  stock, 
but,  in  the  run  illustrated  in  figure  2, 
the  drying  of  swamp  tupelo  was  de¬ 
layed  because  of  the  water  tupelo  in 
the  run.  In  the  6/4  run  shown  in  fig¬ 
ure  4,  the  swamp  tupelo  was  down  to 
about  12  percent*  moisture  content  and 
able  to  stand  a  temperature  of  180°  F. 
when  equalization  was  started  at  the 
end  of  3  days.  One  day  of  equaliza¬ 
tion  followed  by  1^  days  of  condi¬ 
tioning  resulted  in  a  final  moisture 
content  of  approximately  10  percent. 

When  another  run  was  made  at  a 
slightly  less  severe  schedule,  T11-E5, 
equally  satisfactory  results  were  ob¬ 
tained  except  that  drying  time  was 
longer,  6%  days. 

Sapwood,  Water  Tupelo:  The 
most  satisfactory  kiln  schedule  for  6/4 
water  tupelo  sapwood  was  T10-F4. 
This  schedule,  along  with  the  actual 
kiln  conditions  and  drying  curve,  are 
shown  in  figure  5.  Drying  time  was 
10^  days,  approximately  twice  as  long 
as  the  drying  time,  with  the  slightly 
more  severe  schedule  for  the  swamp 
tupelo  sapwood  in  this  size.  The  run 
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Figure  4. — Kiln  conditions  and  drying  curve  for  iy2-inch  svromp  tupelo  sopwood 
using  schedule  T12-E5. 


was  entirely  satisfactory  for  the  mate¬ 
rial  that  was  really  sapwood.  Maxi¬ 
mum  end-check  penetration  was  about 
21/2  inches.  When  the  green  speci¬ 
mens  had  been  prepared,  however, 
some  of  the  outer  heartwood,  which 
had  the  same  general  appearance  as 
the  sapwood  on  the  end  of  the  log, 
was  included  as  sapwood.  The  drying 
curve  of  this  type  of  material  is  shown 
by  the  dotted  line  in  figure  5.  In  view 
of  the  fact  that  changes  in  kiln  con¬ 
ditions  were  made  when  these  speci¬ 
mens  were  still  at  a  high  moisture 
content,  considerable  damage  was  done 
to  the  wood.  It  end  checked  and,  hon¬ 
eycombed  severely. 

In  another  kiln  run,  use  of  the 
somewhat  more  severe  T11-F5  sched¬ 
ule  on  water  tupelo  sapwood  gave  un¬ 
satisfactory  results.  There  was  exten¬ 
sive  honeycombing  in  two  of  the  five 
pieces. 

Heartwood,  Swamp  Tupelo:  The 
most  satisfactory  kiln  schedule  for 
swamp  tupelo  heartwood  in  6/4  thick¬ 
ness  was  the  T1O-E3  schedule.  The 
schedule,  the  actual  kiln  conditions, 
and  the  drying  curve  for  this  stock 
are  shown  in  figure  6.  Drying  time, 
40  days,  was  considerably  longer  than 
the  5V^  days  for  the  sapwood  of  the 
same  species  and  thickness.  This  is 
partly  due  to  schedule  difference  and 


partly  due  to  difference  in  innate  dry¬ 
ing  rate.  Drying  results  were  gener¬ 
ally  satisfactory,  end-check  penetra¬ 
tion  going  to  2^  inches  on  most  of 
the  specimens  as  a  maximum.  An  in¬ 
termediate  moisture  content  test  was 
made  on  one  of  the  wet  samples  at 
45  percent  moisture  content.  At  this 
time  the  temperature  was  changed  to 
150°  F.,  and  the  sample  was  put  back 
in  the  kiln  without  being  end  coated. 
Internal  tension  stresses  were  at  a 
maximum  at  this  point,  and  the  wood 
was  wet  in  the  core.  It  was  thus  espe¬ 
cially  subject  to  end  checking,  and  an 
end  check  later  opened  up  into  a  bad 
honeycomb  check.  Such  end  checking 
and  honeycombing  should  not  be  ex¬ 
pected  if  changes  in  temperature  were 
not  made  until  the  very  wettest  sample 
was  not  more  than  5  percent  above 
the  average  moisture  content  of  the 
wettest  half  of  the  stock,  which  aver¬ 
age  is  usually  used  as  a  basis  for 
changing  kiln  conditions. 

Another  run  was  made  with  this 
item,  using  the  T8-F4  schedule  found 
satisfactory  for  4/4  water  tupelo 
heartwood.  The  run  was  generally 
satisfactory  as  to  seasoning  defects, 
but  the  drying  time  was  considerably 
longer,  47  days  in  comparison  with 

®  Accelerating  the  Kiln  Drying  of  Hardwoods. 
R.  C.  Rietz.  South.  Lbrmn.  181  (2262)  :43-44. 
54.  July  1.  1950. 


41  days.  This  is  a  strong  indication 
that  the  T10-E3  schedule  should  be 
used  for  4/4  swamp  tupelo  to  save 
drying  time. 

Previous  research®  with  sweetgum 
heartwood  showed  that  a  very  rapid 
lowering  of  relative  humidity  could 
be  made  after  the  stage  of  maximum 
tension  stresses  in  the  exterior  zones 
of  the  wood  had  been  passed.  One 
experimental  run  was  made  with  6/4 
swamp  tupelo  heartwood  to  try  out 
this  type  of  schedule,  using  130°  F 
and  a  7°  wet-bulb  depression  as  th. 
initial  conditions.  The  first  relativ 
humidity  drop  was  made  when  th 
moisture  content  had  been  reduced  1 1 
about  0.6  of  the  original.  The  patter,, 
of  the  No.  4  humidity  schedules®  wa . 
used  to  increase  the  wet- bulb  depre'- 
sion,  but  one  change  in  humidity  w?  , 
made  each  day  regardless  of  moistuf 
content.  Surface  checking  was  entire!  • 
absent,  and  end  checking  only  sligl  i 
to  moderate  under  initial  condition^ 
No  surface  checking  occurred  as  a  re 
suit  of  the  rapid  relative  humiditv 
drop,  but  it  did  cause  end  checks  to 
lengthen  and  to  develop  into  honey 
combing.  In  one  of  the  wettest  speci 
mens  the  honeycombing  penetrated  1  '• 
inches  from  the  end.  It  thus  appears 
that,  for  the  time  being  at  least,  it 
will  not  be  practical  to  use  a  schedule 
with  an  extremely  rapid  relative  hu 
midity  drop  for  the  heartwood  ot 
even  this  more  easily  dried  swamp 
tupelo  species. 

Heartwood,  Water  Tupelo: — No 
kiln  schedule  tried  was  found  entirely 
satisfactory  for  6/4  water  tupelo 
heartwood.  The  first  experiment  was 
the  same  as  the  method  described 
above  for  swamp  tupelo,  in  which 
initial  conditions  of  130°  F.  and  7°  F. 
wet-bulb  depression  were  followed  by 
a  rapid  humidity  drop  after  approxi 
mately  one-third  of  the  original  mois¬ 
ture  content  had  been  removed.  This 
caused  bad  end  checking  and  honey 
combing  and  was  considered  entirely 
unsatisfactory. 

The  next  schedule  used  was  the  T'^ 
temperature  schedule  in  combinatio.' 
with  one  of  a  newly-designated  serit' 
of  humidity  schedules  which  are  called 
the  H  schedules.  These  schedule 
have  the  same  pattern  of  wet-bul  ' 
depressions  as  the  standard  F  o  r  e  s  r 
Products  Laboratory  schedules  de 
scribed  by  Torgeson,®  but  the  fir-*^ 
drop  in  relative  humidity  is  mad  • 
when  one-third  of  the  total  grec  i 
moisture  content  of  the  wood  has  bee 
evaporated  and  subsequent  drops  a: 
made  at  10  percent  moisture  conter: 
intervals  until  the  minimum  practice  i 
wet-bulb  temperature  is  reached.  Tb  ^ 
principle  is  not  new,  in  fact  it  was 
used  by  many  of  the  investigator. 
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Figure  5. — Kiln  conditions  and  drying  curve  for  I’^-inch  water  tupelo  sopwood  using 
schedule  T10-F4.  (Drying  curve  of  outer  heortwood  shown  by  dotted  line.) 


whose  research  was  used  as  the  basis 
of  the  standard  Forest  Products  Lab¬ 
oratory  schedules.  The  standard  sched¬ 
ules  themselves  follow  this  principle 
^'enerally,  but  for  the  purpose  of 
standardization,  the  humidity  sched¬ 
ules  have  been  grouped  into  six  series, 
with  the  first  change  in  relative  hu¬ 
midity  for  the  highest  (F)  series 
made  at  70  percent  moisture  content. 

Since  the  earlier  kiln  runs  had  in¬ 
dicated  that  initial  control  of  drying 
defects  could  be  achieved  by  use  of  a 
5°  F.  wet-bulb  depression,  the  sched¬ 
ule  tried  was  T8-H3.  The  original 
moisture  content  was  168  percent,  and 
two-thirds  of  that  is  approximately  | 

110  percent.  Results  with  this  schedule  | 
were  slight  to  moderate  surface  check-  ^ 
mg,  moderate  end  checking,  and  ex-  ^ 

cessive  honeycombing.  Since  control  ^ 

of  honeycombing  depends  mainly  on 
temperature,  and  since  satisfactory  re-  g 

suits  were  obtained  with  4/4  water  ^ 

tupelo  heartwood  at  130°  F.,  it  is  be-  ^ 

lieved  that  120°  F.  with  a  proper  g 

humidity  schedule  would  be  safe  for  g 

the  6/4  stock.  Accordingly,  a  sug- 
gested  kiln  schedule  for  6/4  water  | 

tupelo  heartwood,  T6-H2,  is  shown  in 
figure  7.  The  author  has  no  informa¬ 
tion  that  this  schedule  will  be  entirely 
satisfactory,  but  he  believes  that  it 
would  be  the  most  practical  if  such 
stock  must  be  kiln  dried  green  from 
the  saw.  Drying  time  is  estimated  to 
be  in  the  neighborhood  of  60  days. 

The  drying  time  with  the  T8-H3 
schedule  was  about  50  days.  A  slightly 
more  severe  schedule,  T10-F3,  was 
tried  with  this  stock  and  found  to  be 
completely  unsatisfactory. 

General  Discussion  of  Drying 

The  preceding  results  indicate  quite 
clearly  the  desirability  of  segregating 
the  two  species,'  water  tupelo  and 
swamp  tupelo,  also  the  sapwood  and 
heartwood  within  each  species.  The 
only  sure  way  to  segregate  for  species 
is  in  the  tree,  using  flowers,  fruits,  or 
leaves.  In  some  cases  the  bark  may  be 
helpful.  Water  tupelo  bark  is  usually 
thinner.  In  other  cases,  especially  where 
the  two  trees  are  growing  in  the  same 
habitat,  their  bark  is  practically  iden¬ 
tical.  Water  tupelo  more  generally 
comes  from  flat  flooded  lands,  and 
swamp  tupelo  from  the  edges  of  ponds 
and  streams.  Just  knowing  the  ap¬ 
pearance  of  the  logs  from  different 
habitats  may  make  it  possible  to  sepa¬ 
rate  the  species  at  the  landing. 

If  segregation  is  not  made,  a  large 
number  of  kiln  samples  (10  or  12) 
si'ould  be  prepared  for  each  kiln 
d  irge,  and  a  water  tupelo  schedule 
si:  mid  be  used.  As  drying  progresses, 
cii.mgcs  in  kiln  conditions  should  be 
hi'cd  on  the  average  moisture  con¬ 


tent  of  the  wettest  one-fourth  of  the 
samples  rather  than  the  wettest  one- 
half  as  ordinarily  recommended  in  Re¬ 
port  No.  D1791.  All  the  samples 
would  not  have  to  be  weighed  each 
time  the  drying  is  checked,  but  the 
driest  sample  should  be  observed 
regularly  to  know  when  to  start 
equalization. 

The  problem  of  segregating  the 
sapwood  of  water  tupelo  from  its 
heartwood  is  complicated  by  the  outer 
heartwood  not  showing  the  color  of 
heartwood.  It  has  all  the  low  moisture 
permeability  characteristics  of  true 
heartwood.  Figure  8  illustrates  the 
condition  observed  in  three  specimens 
of  6/4  water  tupelo  when  cut  for 
intermediate  moisture  content  deter¬ 
minations.  Average  moisture-content 
values  varied  from  26  to  64  percent. 


When  these  specimens  were  in  the 
green  condition,  they  appeared  to  be 
100  percent  sapwood.  On  the  inter¬ 
mediate  moisture  sections,  however, 
there  appeared  to  be  a  very  definite 
demarcation  line  between  outer,  un¬ 
colored  heartwood  and  true  sapwood. 
Also,  the  distance  of  the  inner  wet 
zone  from  the  sapwood-heartwood  line 
in  the  interior  of  the  piece  was  ap¬ 
proximately  the  same  as  the  distance 
between  the  wet  zone  and  the  outer 
surface  in  the  heartwood  portion. 

If  outer  heartwood  is  included  in 
a  charge  of  sapwood,  the  use  of  low 
humidities  and  high  temperatures 
must  be  held  up  until  the  heartwood 
material  is  down  to  proper  moisture- 
content  values.  Otherwise,  it  would 
end  check  and  honeycomb  badly.  The 
only  practical  way  to  avoid  getting  it 


Table  1 — KILN  SCHEDULES  AND  DRYING  TIMES  FOR  1-  AND  1  Vi-INCH  WATER  AND 
SWAMP  TUPELO  SAPWOOD  AND  HEARTWOOD 


Class  of  wood 

1-Inch 

Si>ecies  of 
tupelo 

Schedule 

Drying 

time 

Days 

Sapwood _ 

Heartwood _ 

Both 

Water 

T12-E5  , 

T8-F4 

27 

IVi-Inoh 

Sapwood _ 

Heartwood _ 

Swamp 

Water 

Swamp 

Water' 

T12-E5 

T10-F4 

T10-E3 

T6-H2 

lOt^ 

40H 

60 

■Suggested  kiln  schedule  and  estimated  drying  time  based  on  nearly  satisfactory  results  with  schedule 
T8-H3. 
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Figure  6. — Kiln  conditions  and  drying  curve  for  1  swamp  tupelo  heortwood 

using  schedule  T10-E3. 


Figure  7. — Kiln  conditions  and  estimated  drying  curve  for  IVj-inch  water  tupelo  heortwood 
for  suggested  kiln  schedule  T6-H2. 


mixed  in  with  the  sapwood  would  be 
for  the  sawyer  to  take  off  only  a  small 
amount  around  the  log  as  sapwood. 
The  rest,  as  it  comes  off  the  saw  onto 
the  green  chain,  should  be  marked  as 
heartwood,  and  it  should  be  dried  as 
such. 

The  uncolored  heartwood  problem 
did  not  exhibit  itself  in  the  case  of 
the  swamp  tupelo. 

Control  of  Warping 

Because  of  the  presence  of  inter¬ 
locked  grain  in  the  tupelos,  warping 
is  a  considerable  factor  in  their  dry¬ 
ing.  All  forms  of  warp  occur:  cup, 
bow,  crook,  and  twist.  A  minor  study 
of  the  effect  of  various  kiln  schedules 
on  warping  was  carried  out  in  the 
drying  of  the  4/4  material.  The  ob¬ 
ject  of  this  study  was  to  find  out  if 
there  were  any  differences  inherent  to 
the  schedules  themselves  that  would 
result  in  less  warping.  General  re¬ 
search  on  the  stresses  in  wood  as  it 
dries  and  on  shrinkage  of  wood  indi¬ 
cates  that  more  "set”  occurs  when 
lower  temperatures  and  low  humidi¬ 
ties  are  used  in  comparison  with 
higher  temperatures  and  higher  hu¬ 
midities.  If  "set”  can  be  established 
during  the  period  when  the  lumber  is 
comparatively  green  and  straight,  it 
should  be  a  deterring  factor  to  warp¬ 
ing.  The  kiln  conditions  used  in  this 
experiment  were  the  initial  run  of  high 
temperature  and  high  humidity 
T12-E5,  the  satisfactory  run  T8-F4, 
and  a  moderately  low-temperature, 
low-humidity  schedule  T4-E6.  In  or¬ 
der  to  eliminate  the  factor  of  weight¬ 
ing,  a  uniform  weight  of  approxi¬ 
mately  15  pounds  per  square  foot  was 
used  on  all  piles.  The  piles  themselves 
were  five  layers  high,  so  the  warping 
expected  would  be  about  average  for 
the  upper  third  of  a  kiln  truckload  of 
lumber.  That  is  where  the  major  diffi¬ 
culty  from  warping  occurs. 

In  general,  there  were  no  differ 
ences  in  the  amount  of  warping  as  a 
result  of  the  differences  in  kiln  sched 
ule.  This  is  in  accord  with  previous 
general  findings  on  the  effect  of  kiln 
schedules  on  warping.  There  is  no 
practical  advantage  in  using  a  lov 
temperature  if  warp  control  is  the 
object.  Drying  time  with  the  low- 
temperature,  low-humidity  run  was 
slightly  longer,  29  days  in  place  of  2". 
Drying  defects  were  generally  not 
serious  under  this  schedule,  however. 
As  indicated  by  Torgeson,®  weighting 
of  the  kiln  load  to  90  pounds  p^  r 
square  foot  or  more  could  be  expected 
to  give  considerably  greater  control 
of  warp.  It  may  be  necessary  or  des  - 

•  Does  Weighting  of  Kiln  Loads  Red;;  e 
Warping  in  Kiln  Drying  of  Hardwoods?  O. 
Torgeson.  U.  S.  Forest  Products  Laboratrry 
Report  No.  D1769-14.  Wood  and  Wood  Pr  a- 
ucts.  Apr.  1952. 
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Figure  8. — Cross  sections  of  water  tupelo  in  which  all  the  wood  hod  the  appearance  af 
sapwood  when  green  but  a  definite  zone,  called  outer  heartwood,  had  the  drying  char¬ 
acteristics  of  heartwood. 


able  to  use  a  means  of  clamping  down 
the  load  with  irons  fastened  either  by 
strong  springs  or  by  take-up  devices 
instead  of  weights.  Whether  the  use 
of  a  low-temperature,  low-humidity 
schedule  in  combination  with  weight¬ 
ing  or  clamping  would  be  helpful  has 
not  been  determined. 

Case-hardening  Relief  and  Final 
Moisture  Content 

In  all  cases  the  general  procedure 
for  equalization  and  conditioning  as 
given  in  Report  No.  D1791  was  fol¬ 
lowed.  Good  relief  of  case-hardening 
was  generally  attained.  Some  modifica¬ 
tion  of  the  procedure  was  necessary' 
because  of  the  extremely  variable  dry¬ 
ing  rate  of  the  different  items  of  tu¬ 
pelo  with  the  consequent  result  in 
different  final  moisture  content  values 
and  the  need  for  long  equalization 
treatments.  The  E.  M.  C.  conditions 
used  during  the  conditioning  were 
generally  such  as  to  give  a  final  de¬ 
sired  average  moisture  content  of  8 
percent,  that  is,  about  1 1 1/2  percent 
E.  M.  C.  Because  one  end  of  each 
specimen  was  not  end  coated,  the  aver¬ 
age  moisture  content  went  down  be¬ 
low  the  moisture  content  that  a  fully 
end-coated  kiln  sample  would  go  to 
under  the  same  conditions.  As  a  gen¬ 
eral  procedure,  a  6  percent  E.  M.  C. 
condition  was  used  when  the  driest 
specimens  got  down  to  5  percent  or 
less.  Even  under  these  conditions, 
many  of  the  specimens  continued  to 
dry  until  their  indicated  moisture  con¬ 
tent,  based  on  the  calculated  oven-dry 
weight,  was  in  the  neighborhood  of  2 
percent.  Average  moisture  content 
values  of  the  wetter  specimens  were 
in  most  cases  brought  to  7^2  fo  8  per¬ 
cent  or  lower.  Because  of  the  slow 
drying  rate  of  many  of  the  higher 
moisture  content  specimens  under  the 
6  percent  E.  M.  C.  condition  of  equal¬ 
izing,  in  some  of  the  runs  a  5  percent 
E.  M.  C.  condition  was  used.  The  5 
percent  E.  M.  C.  condition  resulted  in 
a  little  faster  drying  of  the  wettest 
specimens  and  did  not  dry  the  driest 
specimens  so  low  as  to  give  reverse 
case-hardening.  Generally  good  relief 
of  case-hardening  was  attained,  ex¬ 
cept  that  the  exceptionally  high  mois¬ 
ture  content  specimens  still  came  out 
with  case-hardening. 

Moisture  pick-up  was  rather  high, 
3  to  4  percent.  As  a  result  of  this,  the 
I'lial  moisture  content  of  sections  cut 
from  the  middle  of  the  specimens 
ringed  from  about  9  percent  to  10.4 
I'crcent  in  the  6/4,  although  they  came 
out  closer  to  8  percent  in  the  4/4. 
I  or  wood  like  tupelo,  control  of  mois- 
t.ire  regain  perhaps  could  be  obtained 
Ih-  using  a  shorter  conditioning  time 
!th  the  same  E.  M.  C.  conditions, 
f  would  also  seem  desirable  to  dry 


the  wettest  samples  down  to  7  per¬ 
cent  instead  of  8  percent,  as  called 
for  by  the  standard  procedure.  While 
9  percent  might  be  a  satisfactory  final 
moisture  content  for  stock  to  be  made 
into  furniture  for  use  in  the  South,  if 
such  stock  is  to  be  used  in  the  North, 
a  lower  final  moisture  content  is  de¬ 
sirable.  For  the  time  being,  it  is  sug¬ 
gested  that  the  moisture  content  of  the 
driest  sample  before  equalization  and 
the  E.  M.  C.  of  equalization  be  1 
percent  lower  than  the  values  called 
for  in  table  2  of  Report  No.  D1791 
for  any  final  desired  average  moisture 
content.  The  E.  M.  C.  for  condition¬ 
ing  should  be  the  same  as  the  table 
calls  for. 

Discussion 

George  C.  Lucas  (May  Brothers) : 
I  noted  that  your  schedule  for  4/4 
water  tupelo  heartwood  required  27 
days  drying  time.  We  have  been 
using  a  schedule  worked  out  by  our¬ 
selves  that  successfully  dried  4/4 
tupelo  heartwood  in  14  to  16  days. 


I  do  not  recall  the  details  of  the 
schedule.  Also,  I  am  not  sure  what 
kind  of  tupelo  it  was.  Your  work 
shows  that  swamp  tupelo  dries  faster 
than  water  tupelo. 

Mr.  Me  Milieu:  Although  I  do  not 
know  for  sure,  I  believe  that  the 
tupelo  you  dried  at  your  plant  in 
southern  Louisiana  would  most  likely 
be  the  water  tupelo,  Nyssa  aqualka. 

I  have  no  explanation  as  to  why  you 
were  able  to  dry  4/4  stock  in  14-16 
days  whereas  we  required  27  days.  It 
may  be  that  the  stock  you  dried  was 
partially  air  dried  when  it  went  into 
the  kiln.  Otherwise  the  kiln  conditions 
required  for  such  fast  drying  would 
probably  cause  honeycombing.  We 
would  be  glad  to  have  you  send  us 
more  complete  data  on  your  experience 
with  tupelo. 

Chairman  Carter:  I  would  like  to 
suggest  that  Mr.  Lucas  send  in  a  copy 
of  his  schedule  to  be  included  as  a 
part  of  this  discussion. 

Mr.  Lucas:  I  am  sorry  that  I  am  not 
able  to  supply  records  on  4/4  tupelo. 
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Our  drying  of  this  thickness  took 
place  over  a  year  ago,  and  the  records 
have  been  discarded.  We  are,  how¬ 
ever,  drying  %-inch  tupelo  in  about 
12  days  and  %-inch  in  about  8  days. 
Some  actual  drying  data  are  given 
below. 

We  do  not  separate  heartwood  and 
sapwood.  Drying  is  partially  run  on  a 
time  basis,  but  we  use  a  number  of 
samples  from  a  100  percent  heartwood 
board  during  each  run.  One  sample 
14  to  18  inches  long  is  end-coated 
and  used  as  a  "weigh”  sample.  The 
others,  uncoated,  are  distributed 
throughout  the  kiln  and  wafers  are  cut 
from  one  of  these  each  time  the 
"weigh”  sample  is  weighed.  Differ¬ 
ences  in  original  moisture  content 
along  the  length  of  the  board  partly 
account  for  some  of  the  differences 
shown  in  the  data.  While  our  sam¬ 
pling  procedure  and  control  of  the 
kiln  are  not  as  close  as  you  would  use 
in  experimental  work,  we  do  calibrate 
our  instruments  periodically  and  our 
procedure  is  sufficiently  accurate  for  us 
to  produce  a  good  high-quality  kiln- 
dried  lumber,  and  it  is  not  honey¬ 
combed. 

Mr.  McM/llen:  The  above  would 
appear  to  be  optimum  schedules  for 
%  and  %  tupelo.  Mathematical  cal¬ 
culations  indicate  that  4/4  should  take 
about  1%  as  long  to  dry  as  %.  Divid¬ 
ing  27  days  by  1%  indicates  that  the 
T8-F4  schedule  would  dry  %  in  15 
days.  As  the  thickness  of  the  stock  de¬ 
creases,  the  lumber  will  withstand 
more  severe  kiln  schedules,  largely  be¬ 
cause  the  stresses  are  smaller  and  the 
time  of  exposure  to  higher  tempera¬ 
ture  is  shorter.  1  know  that  we  would 


have  experienced  honeycombing  with 
the  4/4  water  tupelo  material  we 
dried  if  we  had  used  the  temperatures 
that  Mr.  Lucas  found  satisfactory  for 
%  stock.  There  is  a  possibility,  of 
course,  that  the  water  tupelo  dried  by 
May  Brothers  had  somewhat  better 
seasoning  characteristics  than  material 
dried  in  the  Laboratory’s  study. 

John  Devine  (Moore  Dry  Kiln 
Company) :  How  do  your  schedules 
affect  warping  and  twisting? 

Mr.  McMillen:  This  was  not  exten¬ 
sively  studied,  but  we  do  not  believe 
that  warping  is  increased  by  these 
schedules. 

Mr.  Devine:  Warping,  cupping, 
etc.,  could  be  controlled  better  by  pro¬ 
ducing  maximum  tension  set  by  using 
low  temperatures  and  low  humidities 
in  early  stages  of  drying  than  by 
weighting  down,  or  tying  down. 

Mr.  Lucas:  We  formerly  weighted 
down  our  lumber,  but  have  decided 
that  it  is  not  necessary  to  do  so.  Some 
boards  at  the  bottom  of  the  stack  will 
warp  in  spite  of  the  tremendous  weight 
upon  them,  while  some  boards  at  the 
top  of  the  stack  will  remain  straight 
with  no  weight  on  them  at  all. 

Mr.  McMillen:  Theoretically  the 
formation  of  a  quick  "set”  of  con¬ 
siderable  magnitude  while  the  lumber 
is  still  about  full  size  and  in  the  flat 
condition  should  be  helpful  in  reduc¬ 
ing  warp.  Experiments  on  small  speci¬ 
mens  at  the  laboratory  showed  that  use 
of  a  low  humidity  in  combination  with 
low  temperature  gave  more  "set”  than 
high  temperature-high  humidity  con¬ 
ditions.  In  several  experimental  drying 
tests,  however,  we  found  that  the 


amount  that  humidity  could  be  low¬ 
ered  without  surface  and  end  checking 
and  the  amount  the  temperature  could 
be  reduced  without  unduly  prolonging 
drying  time  were  so  small  that  there 
was  no  practical  advantage  in  trying 
to  manipulate  the  schedule  to  reduce 
warp.  We  have  placed  our  major  re¬ 
liance  for  control  of  warping  on  proper 
stickering  and  weighting  of  the  loads, 
as  indicated  in  the  text  of  the  paper. 
Perhaps  the  new  knowledge  to  be 
gained  by  fundamental  studies  on 
stresses  in  wood  as  it  dries  will  lead 
us  to  schedules  giving  better  control 
of  warping,  but  we  don’t  know  enough 
about  this  at  present. 

H.  J.  M.  Jorgenson  (Jorgenson- 
Bennett  Manufacturing  Company) : 
Good  piling  practice  improves  the 
straightness  of  the  lumber.  However, 
some  freak  boards  will  warp  in  spite 
of  the  best  drying  methods  and  weigh 
ing  down. 

Mr.  McMillen:  Would  Mr.  Jorgen¬ 
son  comment  on  air  drying? 

Mr.  Jorgenson:  Air  drying  seems 
to  help.  We  never  put  moisture  back 
into  air  dried  Tupelo  stock. 

Mr.  McMillen.  What  is  the  approxi¬ 
mate  kiln  drying  time  for  Tupelo  at 
20%  moisture  content? 

W.  W.  King  (Texas  Forest  Serv¬ 
ice)  :  Have  you  made  any  studies  on 
the  effect  of  sticker  spacing  on  warp¬ 
ing  and  twisting  of  Tupelo? 

Mr.  McMillen:  Normal  sticker  spac¬ 
ing  of  18  inches  or  2  feet  seem  to  give 
satisfactory  control.  It  is  advisable  to 
stay  away  from  excess  spacing  of  4-6 
feet. 
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Relocatable  Housing:  Some  Early  History 
and  a  Present-Day  Example  at 
Camp  Stewart,  Georgia 

GEORGE  W.  STANLEY,  JR. 

General  Manager,  Rice  &  Adams  Equipment  Division,  Pressed  Steel  Car  Company,  Inc.,  Buffalo,  New  York 


Explanation  is  given  of  the  need  for  and  the  development  of 
demountable  type  housing,  with  emphasis  on  the  Unishelter  type. 
Design,  shipment  and  erection  problems  and  solutions  are  related 
and  explained.  The  house  is  of  plywood  and  lumber  construction 
using  Unicel  method  of  stressed-^in  design. 


The  typical  two-bedroom  houses 
were  shipped  in  four  sections.  The 
three-bedroom  units  were  shipped  in 
five  sections.  Each  section  was  com¬ 
plete,  even  to  the  paint  job,  before 
shipment. 


The  title  of  this  paper  may  raise 
a  question  in  the  mind  of  the 
reader.  What  is  relocatable  housing? 

Admittedly,  it  is  a  fairly  uncommon 
term,  although  it  has  been  in  use 
longer  than  might  be  expected.  Essen¬ 
tially,  relocatable  housing  is  that  hous¬ 
ing  which  can  be  movcxl  and  reused 
at  one  or  more  locations  with  a  rela¬ 
tively  small  expenditure  in  manpower 
or  materials.  It  has  also  been  called 
demountable  housing. 

In  the  case  of  the  particular  relocat¬ 
able  house  this  paper  will  deal  with  in 
detail,  other  fundamental  requirements 
were: 

1)  The  houses  must  meet  the  liv¬ 
ability  and  durability  standards  gener¬ 
ally  expected  of  fixed-to-site  housing 
of  permanent  quality; 

2)  The  houses  must  conserve  crit¬ 
ical  materials,  at  least  to  the  extent 
required  by  limitation  orders  by  the 
government; 

3)  The  houses  must  minimize  on¬ 
site  hours  required  to  install  the 
housc-s,  including  site  preparation  and 
foundation. 
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Early  History 

Actually,  relocatable  housing  goes 
back  a  dozen  years. 

The  Tennessee  Valley  Authority 
pioneered  in  the  early  developments  of 
demountable  housing,  as  it  was  then 
called. 

The  Federal  agency’s  first  venture 
consisted  of  a  half-dozen  experimental 
summer  cottages.  They  were  built  at 
Muscle  Shoals,  Alabama  in  1940. 

These  were  shipped  in  sections  to 
an  original  site  some  60  miles  away. 
To  further  demonstrate  the  feasibility 
of  the  idea  of  moving  houses  by  sec¬ 
tions,  T.V.A.  was  asked  by  the  Fed¬ 
eral  Works  Administration  to  build 
some  defense  houses  in  1941.  These 
were  built  in  an  outdoor  field  and 
were  shipped  in  sections  to  individual 
sites  in  and  around  Muscle  Shoals. 

The  average  haul  was  about  41/2 
miles.  At  that  time,  those  houses  would 
probably  have  qualified  for  conven¬ 
tional  Federal  Housing  Administration 
financing  then  requirements. 


The  size  of  the  two-bedroom  units 
was  approximately  22'  x  30'  and  the 
three-bedroom  unit  22'  x  371/2'. 

The  next  development  was  in  1942 
and  this  was  the  construction  of  some 
very  small  two-section  units  that  were 
built  in  the  same  field  and  shipped 
some  300  milc-s  to  a  site  in  the  Caro¬ 
lina  Mountains.  These  houses  were 
for  construction  workers.  They  were 
left  in  their  original  location  at  Mur¬ 
phy,  North  Carolina  about  a  yc*ar  and 
were  then  moved  to  Hiwassee  Dam 
Project  for  a  year  and  a  half  and  then 
moved  to  Fontana. 

These  units  have  been  moved  ap¬ 
proximately  300  miles  with  two  re¬ 
locations.  They  are  still  at  Fontana, 
where  they  now  are  used  for  tourist 
quarters. 

At  about  the  same  time,  T.V.A. 
built  three  dormitory  units  at  Muscle 
Shoals  and  these  have  been  relocated 
once. 

These  dormitories  were  shipped  in 
22  sections,  complete  with  cubicles  for 
men  in  two  main  wings  and  three  sec¬ 
tions  of  central  wash  rooms. 


Figure  1 . — View  of  three  bedroom  house  ct  factory. 
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Figure  2. — Corner  of  living  room  showing  picture  window. 


Figure  3. — Exterior  view  of  prototype  house. 


The  next  major  T.V.A.  develop¬ 
ment  in  relocatable  housing  was  in 
1942.  This  was  a  new  type  sectional 
unit  that  could  be  built  by  trailer  man¬ 
ufacturers.  A  firm  in  Elkhart,  Indiana 
built  100  of  these  two  section,  one- 
bedroom  houses  for  Fontana.  These 
were  highly  engineered,  stressed  skin 
structures,  of  a  size  about  15'  x  24'. 
These  were  complete  and  practically 
finished  prior  to  shipment  and  the 
haul  was  approximately  600  miles. 

A  short  time  later,  Manhattan  En¬ 
gineering  Project  borrowed  the  plans 
for  the  one-bedroom  house  referred 
to  above,  as  well  as  plans  for  two  and 
three  bedroom  units,  which  had  been 
drawn  by  the  T.V.A.  staff.  Inciden¬ 
tally,  they  borrowed  some  of  T.V.A. ’s 
housing  dc'sign-engineering  staff  along 
with  the  plans. 

The  Army  awarded  contracts  to  five 
companies  in  the  midwest  to  produce 
3,000  of  these  units  in  jigtime  for  the 
Oak  Ridge,  Tennessee  project.  They 
further  negotiated  for  1,800  more  to 
be  built  for  the  Hanford,  Washington 
Plant,  of  the  Atomic  Energy  Commis¬ 
sion. 

The  Hanford  houses  were  built  by 
an  Oregon  sawmill  operator,  who  had 
a  prefab  subsidiary.  The  midwest 
builders  included  among  others,  Bruce 
Flooring,  here  in  Memphis.  The  long¬ 
est  haul  of  these  units  was  probably 
the  700  mile  trip  from  Alma,  Michi¬ 
gan  to  Oakridge. 

The  Oak  Ridge  houses,  which  have 
been  rented  to  workers  for  ten  years, 
have  recently  been  sold  off  for  re¬ 
moval  as  is,  where  is.  It  is  interc'sting 
to  note  that  the  average  selling  prices 
ran  from  $800  to  $1,200  for  the  two- 
bedroom  houses,  which  originally  cost 
$3,000,  and  in  the  neighborhood  of 
$1,700  for  the  three-bedroom  units 
which  originally  cost  $3,700. 

About  1944,  the  British  Govern¬ 
ment  became  interested  in  the  T.V.A. 
efforts.  Using  the  two  and  three-bed¬ 


room  Muscle  Shoals  developments  of 
1941  as  a  basis,  they  designed  a  some¬ 
what  similar  type  of  house  with  one 
important  fundamental  change  in  that 
aluminum  was  used  as  the  principal 
material  of  construction. 

The  British  Ministry  of  Supply 
negotiated  for  50,000  units  which  were 
built  by  five  British  aircraft  builders 
over  a  two  and  a  half  year  period. 
These  were  all  two-bedroom,  four- 
section  units  and  were  shipped 
throughout  England  and  Scotland  dur¬ 
ing  1945  and  1946  as  a  part  of  the 
emergency  housing  program. 

It  should  be  pointed  out  that  these 
units  were  not  built  as  demountable 
houses,  but  rather  because  their  de¬ 
sign  permitted  the  manufacturers  to 
employ  mass  production  methods. 

Defense  Housing  Today 

That  brings  us  up  to  the  1950’s  and 
face  to  face  with  the  special  needs 
and  requirements  of  present-day  de¬ 
fense  housing.  It  was  plainly  the  need 
for  adequate  defense  housing  that 
could  be  speedily  constructed  that 
gave  the  more  recent  impetus  to  re¬ 
locatable  or  demountable  housing. 

It  may  be  broadly  stated  that  de¬ 
fense  housing  falls  into  one  of  three 
categories.  The  No.  1  category  would 
be  that  of  construction  projects  or 
military  staging  operations  where  it  is 
known  in  advance  that  the  needs  will 
be  of  limited  duration. 

Heretofore,  at  least,  this  need  has 
been  met  by  trailer-type  housing  or 
temporary  barracks;  the  intention  be¬ 
ing  to  dispose  of  the  same  when  the 
need  has  ended.  In  this  group,  low 
first-cost  is  of  primary  importance  be¬ 
cause  the  entire  project  expense  has 
to  be  written  off  in  a  very  short  period 
of  time.  This  type  of  housing  is  known 
to  have  proved  a  dc-terrent  in  securing 
the  highest  type  of  workers,  particu¬ 
larly  civilian  workers  with  families. 


who  are  not  under  the  jurisdiction  of 
the  military  and  therefore  have  free 
dom  of  employment  choice.  Since  the) 
are  accustomed  to  better  housing,  the-' 
think  twice  before  accepting  a  job  tha- 
carries  with  it  an  inferior  home  ani' 
a  sub-standard  set  of  living  conditions 
even  though  their  work  may  be  vita 
to  our  national  security. 

All  the  earlier  forerunners  of  rc 
locatable  or  demountable  housing  dc 
scribed  above  were  without  exception 
in  Category  No.  1 . 

The  No.  2  category  of  defense  hous 
ing  requirements  is  in  the  expansion 
of  defense  plants  and  permanent  mili 
tary  installations,  where  it  is  known 
in  advance  that  housing  requirements 
will  be  reasonably  stable  for  a  long 
time.  This  housing  has  traditionally 
been  of  the  conventional  fixed-to-site 
type;  as  such,  it  becomes  a  part  of  the 
community  and  enhances  the  net  wortli 
of  the  section  where  it  is  located. 

There  is,  however,  a  broad  field  in 
which  neither  the  No.  1  nor  the  No.  2 
categories  satisfactorily  fills  the  bill. 
That  situation  is  one  wherein  defense 
activities  create  critical  requirements 
for  good  family  housing,  but  provitic 
no  assurance  that  the  housing  need 
will  exist  at  that  location  for  the  long 
period  of  time  necessary  to  amortize 
its  costs  at  a  reasonable  rate. 

Temporary  housing  has  been  tric.1, 
but  has  failed  to  meet  the  require¬ 
ments.  Communities  everywhere  ha'C 
resisted  temporary  projects  and  one 
cannot  blame  them  after  our  review¬ 
ing  some  of  the  examples  we  have  .dl 
sc-en  at  one  time  or  other. 

Recognizing  the  fact  that  there  vas 
a  serious  gap  in  types  of  available 
housing  to  meet  this  last  category,  the 
Housing  and  Home  Finance  Agency 
in  early  1952  authorized  a  trial  pro¬ 
gram  to  determine  the  feasibility  and 
economics  of  good  relocatable  ho.is- 
ing  as  an  alternative  to  the  deficit  nt 
temporary  housing  in  areas  where  he 
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Figure  4. — Looking  from  bedroom  one 
toword  bedroom  three. 


duration  of  the  need  was  not  certain. 
Thus  was  created  category  No.  3. 

Those  interested  in  learning  the  full 
story  of  the  trial  program  may  obtain 
same  by  writing  to  the  Superintendent 
of  Documents,  Washington  25,  D.  C. 
and  enclosmg  25^  for  the  bulletin, 
"Relocatable  Defense  Housing,” 
House  and  Home  Finance  Agency, 
dated  June  1952. 

From  a  total  of  36  designs  submit¬ 
ted,  eight  houses  of  widely  differing 
characteristics,  though  all  aimed  at  a 
common  goal,  were  built,  assembled, 
disassembled  and  relocated  under  the 
careful  observation  of  military,  na¬ 
tional,  state  and  municipal  housing 
authorities. 

The  Unishelter  House 

The  balance  of  this  paper  will  be 
taken  up  with  one  of  these  eight  types 
of  housing,  the  house  its  maker,  the 
Pressed  Steel  Car  Company,  terms  the 
Unishelter  which  has  been  selected  for 
the  project  at  Camp  Stewart,  Georgia. 

Two  hundred  fifty-eight  houses, 
both  two-bedroom  and  three-bedroom, 
are  being  set  up  on  this  site. 

At  first  glance,  it  might  appear  that 
the  problems  of  designing,  building, 
shipping  and  erecting  a  relocatable 
house  would  be  quite  similar  to  those 
mc-t  in  prefabricated  housing,  but  such 
IS  not  the  case. 

Prefabricated  housing,  as  its  name 
implies,  is  that  type  of  house  which  to 
a  greater  or  lesser  degree  is  prefabri¬ 
cated  at  a  factory,  shipped  to  the  site 
in  what  might  be  called  a  semi 
knocked-down  condition  and  there 

rected.  The  basic  fundamental  differ- 
■  iice  between  prefab  housing  and  re- 
iiicatable  housing,  is  that  in  the  type 
•  I  erection  that  has  been  used  with 
^hc  prefab  housing,  at  the  site  it  bt'- 
<  iines  fixed-to-site  housing,  and  there- 
;  Te  is  not  adaptable  easily  for  reloca¬ 


tion  at  a  later  date.  It  will  thus  be 
seen  that  one  of  the  major  problems 
that  had  to  be  solved  was  to  create  a 
type  of  construction  that  would  pro¬ 
vide  satisfactory  assembly  at  site, 
whether  it  be  for  a  week,  or  ten  years, 
and  yet  would  allow  inexpensive  and 
satisfactory  dismantling,  reshipping, 
and  reassembling  at  another  point. 

On  its  face,  this  is  not  an  easy  prob¬ 
lem  and  it  is  a  feather  in  the  hats  of 
our  wood  industry’s  designers  and 
managements  that  such  a  variety  of 
approaches  were  discovered  and  tried. 

Under  our  present  finance-banking 
system,  there  are  few,  if  any,  homes, 
conventional  or  otherwise,  built  in  the 
United  States  wherein  some  measure 
of  control  is  not  exercised  by  the  Fed¬ 
eral  Housing  and  Home  Finance 
Agency  or  one  of  the  related  Federal 
agencies.  While  this  may  not  appear 
to  be  obvious  on  the  surface,  it  is 
nevertheless  a  fact.  For  this  reason, 
the  opinions  of  H.H.F.A.  as  set  forth 
in  their  established  performance  stand¬ 
ards  for  conventional  fixed-to-site 
housing,  as  well  as  the  performance 
standards  evolved  for  relocatable 
housing,*  were  at  all  times  considered 
as  guideposts  in  planning  the  de¬ 
mountable  house  for  the  Camp  Stew¬ 
art  project. 

If  you  were  to  compare  the  per¬ 
formance  standards  for  the  Camp 
Stewart  relocatable  house  with  the 
standards  of  housing  construction  nec¬ 
essary  to  meet  F.H.A.  Financing  re¬ 
quirements,  you  would  see  how  closely 
we  have  tried  to  adapt  our  relocatable 
house  to  meet  all  the  rigid  require¬ 
ments  for  F.H.A.  financing. 

Much  favorable  comment  has  been 
received  on  the  livability  we  have  engi¬ 
neered  into  the  Camp  Stewart  house. 

A  requisite  of  the  Camp  Stewart 
house  was  that  it  should  contain  suffi¬ 
cient  space  and  facilities  to  afford  pro¬ 
vision  for  living,  sleeping,  sanitation, 
meal  preparation,  dining,  storage  for 
clothing  and  equipment,  laundering, 
recreation  and  home  maintenance 
functions,  and  to  contain  two  or  three 
bedrooms  for  single  family  occupancy. 

Since  these  houses  do  not  have  base¬ 
ments,  a  utility  room  containing  fur¬ 
nace,  hot-water  heater,  etc.,  also  had 
to  be  provided. 

In  conformance  with  F.H.A.  stand¬ 
ards,  minimum  areas  were  prescribed 
for  the  various  living  centers.  In  pre¬ 
paring  the  actual  design  layout  for  the 
Camp  Stewart  house,  the  minimum 
stanaards  were  exceeded  wherever 
possible,  consistent  with  the  over-all 
problems  of  price  and  relocatability. 

The  usual  panegyrics  of  real  estate 
salesmen  are  applicable  to  thc*se 
houses.  The  bedrooms  have  cross¬ 
ventilation.  The  bathrooms  have  full 


equipment,  tub,  shower,  etc.  The 
kitchen  is  fitted  with  an  abundance  of 
shelf  and  working  space  and  cabinets. 
Plenty  of  closet  space,  full  7'  6" 
height  in  all  rooms,  picture  windows, 
varied  color  schemes  inside  and  out, 
flush  panel  doors,  patio  and  trellis,  30 
or  40  gallon  insulated  hot-water 
heater,  furnace  system  with  hot-air 
heating  and  over-head  registers,  out¬ 
lets  in  all  living  areas,  fully  insulated, 
etc.,  etc. 

The  rooms  are  all  of  adequate  size 
and  conform  to  F.H.A.  requirements, 
with  the  living  room,  for  example, 
being  17'  x  11.3'.  A  careful  study  of 
the  plan  will  show’  that  a  great  deal 
of  thought  has  gone  into  the  prepara¬ 
tion  from  the  point  of  view  of  the 
housewife  as  well  as  the  many  func¬ 
tional  problems  involved. 

One  of  the  prime  requisites  of  the 
relocatable  house  is  that  it  must  be 
capable  of  being  moved  or  reused  at 
alternative  locations  w'ith  a  relatively 
small  expenditure  in  manpower  or 
material. 

In  an  actual  demonstration,  the  pro¬ 
totype  house  of  the  Camp  Stewart  de¬ 
sign  was  disassembled  from  site, 
placed  on  trucks,  moved  to  a  new  site 
one  mile  away,  re-erected  with  all  util¬ 
ities  connected,  furniture  reinstalled, 
etc.,  by  a  crew  of  ten  men  in  less 
than  two  hours.  NBC  Television  and 
Pathe  News  photographed  actual  se¬ 
quences  of  the  official  preview  for 
screening  throughout  the  country. 

One  of  the  principal  reasons  we 
were  able  to  set  this  speed  record  was 
due  to  the  fact  that  the  house  is  con¬ 
structed  of  three  main  sections,  each 
built  on  the  Unicel  principle.  The 
stressed-skin  monoccoque  construction 
embodied  in  the  Unicel  system  pio- 
nc-ered  by  Prc’ssed  Steel  Car  for  its 
Unicel  freight  car  and  later  its  high¬ 
way  trailer,  as  applied  to  this  house 


Figure  5. — View  in  kitchen — same  for 
two  and  three  bedroom  houses. 
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Figure  6. — Delivery  by  railroad  flatcar. 


Figure  7. — Site  view  showing  preset  footings. 


make  the  house  sections  all  individu¬ 
ally  self-supporting,  so  that  they  can 
be  mounted  on  a  minimum  number  of 
piers  or  footings.  In  the  protype 
house,  a  40'  x  10'  unit  was  mounted 
on  five  piers.  These  three  units  were 
shipped  completely  assembled  and, 
therefore,  the  erection  consists  of  plac¬ 
ing  the  three  sections  on  the  footings 
which  have  been  preset  according  to 
templet,  bolting  together,  placing 
overhanging  eaves  and  trellis,  which 
are  shipped  inside  one  of  the  main 
units  to  save  space  and  freight  charges, 
and  connecting  up  the  utilities;  namely, 
sewage,  water,  electricity,  and  gas,  if 
called  for,  to  the  master-lines  at  the 
site. 

Since  these  units  are  completely  as¬ 
sembled,  the  matter  of  over-all  dimen¬ 
sions  are  of  paramount  importance. 
This  is  so  because  these  units  were 
shipped  hundreds  of  miles  to  their 
present  site  and  it  is  entirely  possible 
that  they  may  be  reshipped  additional 
hundreds  of  miles  to  another  site,  if, 
as,  and  when,  the  need  for  them  ceases 
to  exist  at  Camp  Stewart. 

Shipping  Via  Truck-Trailer 

In  most  of  the  48  states,  the  maxi¬ 
mum  width  of  truck-trailer  combina¬ 
tions,  or  loads  placed  therein,  cannot 
exceed  96",  if  they  are  to  move  with¬ 
out  restrictions  or  license.  A  height 
limitation  also  exists  on  the  highways. 
This  is  sc-t  more  by  the  height  of  the 
bridges  and  overpasses  that  are  met 
en  route  than  by  any  specific  legisla¬ 
tion.  All  the  major  trucking  firms  are, 
of  course,  familiar  with  these  practical 
shipping  requirements. 

In  the  case  of  highway  loads  in  ex¬ 
cess  of  96",  regulations  vary  from 
state  to  state.  In  some  cases  wider 
loads  may  move  at  off-peak  hours  with 
or  without  police  escort,  but  with  spe¬ 
cial  permits.  State  authorities  will  often 
grant  a  permit  for  individual  move¬ 
ments  where  they  would  not  condone 
the  handling  of  a  number  of  similar 


units.  A  case  in  point  was  the  Paducah, 
Kentucky  Bomb  Project  where  it  took 
a  Presidential  Directive  to  finally  get 
some  of  the  units  to  the  site. 

Shipping  Via  Rail 

The  Association  of  American  Rail¬ 
roads,  which  is  an  affiliation  of  all 
Class  I  railroads,  has  what  is  known 
as  a  main  line  clearance  diagram.  This 
is  a  vertical  section  drawing  of  a 
rather  odd  shape,  the  effect  of  which 
is  that  any  car  containing  a  load  which 
does  not  project  beyond  the  line  of 
the  drawing  at  any  given  point  may 
move  in  unrestricted  traffic  over  any 
line  at  any  time.  If  the  load  does  ex¬ 
tend  past  this  main  line  diagram,  then 
the  handling  of  the  load  will  depend 
upon  the  route  which  must  be  taken 
and  the  maximum  restrictions  in  any 
point  on  that  route.  Loads  moving  in 
this  category  are  said  to  be  moving 
under  high  and  wide  clearance  and 
since  these  routings  are  generally  devi¬ 
ous,  slow  and  a  nuisance  to  the  rail¬ 
roads,  it  is  always  desirable  to  avoid 
them  wherever  possible.  Incidentally, 
the  maximum  main  line  diagram  width 
is  10'  8". 

In  the  case  of  the  Camp  Stewart 
housing,  original  plans  were  to  ship 
the  basic  units  on  their  side  on  flat 
cars  and  by  so  shipping,  they  would 
have  been  within  the  main  line  dia¬ 
gram.  As  events  developed,  however, 
it  was  possible  to  get  high,  wide  clear¬ 
ance  from  Chicago  to  Camp  Stewart 
over  reasonable  routes  and,  therefore, 
these  houses  have  been  and  are  being 
shipped  upright. 

The  sections  of  the  houses  are  not 
heavy  enough  to  involve  any  problem 
in  weight  in  highway  shipping  and  it 
is  interesting  to  note  that  the  Camp 
Stewart  house,  shipped  on  its  side  on 
special  low-bed  trailers,  will  meet 
highway  and  height  limitations.  This 
was  no  small  feat  in  design  when  it  is 
considered  that  the  7'  6"  inside  clear 
height  regulation  has  been  main¬ 
tained. 


Floor  loadings  conformed  to  F.H.A. 
standards  which  require  a  minimum 
uniformly  distributed  live  floor-load  of 
40  pounds  per  square  foot.  Roof  load¬ 
ing,  on  fixed-to-site  houses,  of  course, 
varies  with  the  locale.  It  would  be 
rather  ridiculous  to  install  a  fixed-to- 
site  house  at  Key  West,  Florida,  de¬ 
signed  to  carry  a  two-foot  snow  load 
In  the  case  of  a  relocatable  house, 
the  problem  immediately  becomes  more 
involved  in  view  of  the  unknown  loca¬ 
tion  of  a  possible  future  site. 

However,  in  view  of  the  number  ol 
prospective  sites  on  which  relocatable 
houses  are  desirable,  it  was  felt  by  all 
parties  concerned  that  if  r(X)f  loadings 
were  provided  sufficient  for  the  next 
northerly  zone,  as  per  H.F.A.  stand 
ards,  the  requirements  would  bt 
deemed  to  be  met.  The  Camp  Stewart 
houses  are  designed  for  30  pound 
snowload  which  is  satisfactory  for 
most  northern  states,  except  the  Great 
Lake  and  mountain  states. 

The  present  contract  for  relocatable- 
housing  at  Camp  Stewart  calls  for  6  ' 
three-bedroom  units  and  the  remain¬ 
ing  193  are  two-bedroom  units.  Th - 
three-bedroom  houses  set  on  13  piers 
or  footings.  The  two-bedroom  unit 
rests  on  11. 

Since  the  floor  is  an  integral  part 
of  the  monocoeque  units,  no  con¬ 
crete  foundation  slabs  are  required,  .'S 
they  are  with  prefab  or  fixed-to-si'C 
houses  without  basements.  This  ob\'- 
ously  reduces  both  the  time  and  mat  - 
rial  required  for  site  preparation. 

The  subcontractor  was  able  to  pr  - 
pare  all  of  these  footings  in  advan  e 
of  the  arrival  of  the  units.  In  order  a 
properly  provide  for  mass  assembly 
techniques,  an  ingenious  type  of  foil¬ 
ing  adjustment  is  provided.  By  this 
means,  even  though  the  various  fo  1- 
ings  may  vary  in  height,  the  hoi.se 
can  be  readily  leveled  and  the  thiee 
sections  adjusted  to  each  other.  Oi  :e 
this  has  been  done,  a  small  amount  of 
wet  concrete  is  placed  on  c'ach  jf 
these  adjustments  so  that  they  tlun 
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'tcome  set  in  nature.  If  the  house  is 
o  be  moved  to  another  location,  these 
djustment  fittings  are  replaced. 

All  external  walls,  floors  and  ceil- 
iigs  are  fully  insulated  with  fiberglass 
isolation.  This  of  course  has  the  effect 
of  holding  the  heat  in  in  northern 
.  limes,  as  well  as  tending  to  keep  the 
c-at  out  in  southern  locations.  The  in¬ 
flation  is  placed  between  the  skins 
i  the  time  the  cellular  sections  arc 
,  >scmbled  and  as  might  be  expected 
iienolic  or  resorcinol  type  resins  are 
sed  in  the  assembly.  The  gluing  op- 
.  rations  are  in  most  cases  done  in  large 
.  Icctronic  presses. 

Entire  sides,  floor  and  roof  are 
made  as  individual  units  and  then 
assembled  into  the  shell,  which  go  to 
iorm  the  units  of  the  house. 

In  the  design  of  the  house,  careful 
consideration  was  given  to  the  US'* 
materials  that  are  readily  avail 
a  rc'sult,  all  of  the  structural  piy'wood, 
as  well  as  the  solid  structural  mem¬ 
bers,  is  of  Douglas  Fir.  No  beaver- 
board  or  similar  material  is  used  in 
the  house.  Other  wood  members  may 
include  western  hemlock,  spruce  or 
pine,  according  to  supply  conditions. 
Interior  walls,  floors  and  ceilings  are 
plywood.  All  floors  are  covered  with 
vinyl-plastic  floor  covering. 

The  walls,  floors,  and  ceilings  and 
ends  of  the  houses  are  literally  welded 
to  each  other. 

Both  the  two-bedroom  and  the 
three-bedroom  houses  at  Camp  Stewart 
are  made  up  of  three  main  sections, 
enclosing  the  same  functional  rooms. 
The  so-called  utility  section  is  the 
same  for  both  the  two-bedroom  and 
three-bedroom  house.  Roughly  speak¬ 
ing,  the  houses  may  be  said  to  be 
arranged  in  the  shape  of  an  "H”  with 
unequal  legs.  The  connection  section 
of  the  "H”  is  the  utility  section.  It  is 
approximately  12'  x  10'  in  size  and 
contains  the  front  entrance- way,  con¬ 
necting  hallway,  bathroom,  utility 
room,  and  the  so-called  working  sec¬ 
tion  of  the  kitchen,  including  the 
range  and  sink,  etc. 

The  second  section  in  each  case  in¬ 
cludes  the  bedrooms  and  a  part  of  the 
hallway. 

The  third  section  contains  the  liv¬ 
ing  room,  dining  room,  storage,  and 
the  rest  of  the  kitchen  not  encom- 
p.issed  by  the  utility  section. 

By  means  of  this  design,  all  plumb¬ 
ing  is  confined  to  the  utility  section. 
However,  heating  ducts  appear  in  all 
three  sections. 

There  is  a  fully  adequate  electrical 
S)Niem  which  conforms  to  underwrit¬ 
er  codes  including  lights  and  outlets 


Figure  8. — Lowering  a  unit  onto  footings. 


in  all  three  sections  and  in  every  room 
and  an  electrical  service  entrance  pro¬ 
viding  for  range  and  four  independent 
lighting  circuits. 

The  interior  surfaces  of  the  Camp 
Stewart  houses  are  being  painted  in 
a  variety  of  colors.  However,  because 
of  use  of  top  grade  plywcxtd,  natural 
finish  could  be  used  with  equally  good 
results.  The  overhanging  eaves  have 
a  functional  as  well  as  appearance  use. 

The  construction  is  such,  and  the 
elevations  of  the  various  roofs  are 
planned  so,  that  internal  down  spout 
can  be  used,  connected  directly  with 
the  sewage  system. 

The  size  and  location  of  the  win¬ 
dows,  dcxjrs,  etc.  provide  more  than 
the  minimum  requirements  for  both 
ventilation  and  light  and  also  give  a 
full  measure  of  safe  exits  in  case  of 
fire  or  other  emergency. 

Wood  kitchen  cabinets  have  been 
used  throughout. 

Erection  at  Site 

The  erection  problems  were  briefly 
discussed  earlier  and  it  was  stated  that 
the  three  sections  of  the  house  are 
leveled  on  the  preset  footings  and 
bolted  together.  The  mating  or  meet¬ 
ing  surfaces  were  jig-finished  at  the 
factory  and  include  weather-tight  gas¬ 
keting  and  mechanical  protection  for 
the  joints.  In  this  manner  the  two 
"meets”  between  the  three  units  are 
made  weather-tight  and  protected 
against  injury.  Then  the  ornamental 
overhangs  and  patio  trellis  are  in¬ 
stalled  by  conventional  methods. 


Concrete  slabs  for  the  patio,  steps 
at  front  and  back  door  are  provided 
locally. 

The  whole  erection  operation  has 
been  carefully  time-studied  and  re¬ 
viewed,  so  that  the  erection  of  the 
units  goes  forward  in  a  smooth 
manner. 

While  the  original  intention  was 
to  apply  finished  exterior  painting  at 
the  factory,  this  has  been  modified  so 
that  prime  coating  is  factory-applied 
leaving  the  finish-coat  to  be  applied 
at  the  site.  There  is  a  good  reason  for 
this  change.  There  is  a  carefully  worked 
out  color  scheme  for  the  entire  project 
to  achieve  a  variety  of  exterior  colors 
in  adjoining  houses.  If  the  houses 
were  all  finish-coated  in  a  variety  of 
colors  at  the  factory,  then  a  logistics 
problem  would  be  involved  in  being 
certain  that  the  proper  color  houses 
were  shipped  in  the  proper  sequence. 

Houses  Are  Adaptable 

In  conclusion,  it  is  only  fair  to 
point  out  that  while  these  particular 
houses  are  being  erected  at  an  army 
base,  they  are  in  every  way,  shape  and 
manner  satisfactory  for  civilian  use  in 
the  normal  sense  of  the  term.  They 
are  entirely  appropriate  for  fixed-to- 
site  housing,  and  conform  to  most  if 
not  all  local  construction  ordinances. 

The  Camp  Stewart  House  represents 
a  new  approach  to  the  mass  produc¬ 
tion  of  housing.  The  many  eye-catching 
headlines  which  appeared  in  the  pa¬ 
pers  and  magazines  throughout  the 
country  after  the  demonstration  of  the 
Camp  Stewart  prototype  house  in  May 
1952  were  a  measure  of  the  public  in¬ 
terest  in  this  new  approach  to  the  age- 
old  problem  of  housing. 

The  house  is  a  resourceful  and 
adaptable  servant  ready  and  able  to 
do  the  every  bidding  of  20th  century 
living,  in  war  and  in  peace. 

Perhaps  the  whole  long-range  im¬ 
plication  of  relocatable  housing  in  gen¬ 
eral  and  the  Camp  Stewart  house  in 
particular  were  summed  up  in  a  re¬ 
mark  made  by  a  high  government 
housing  official  at  the  end  of  the  pro¬ 
totype  demonstration,  when  he  said; 
"Today  I  have  seen  the  start  of  a  new 
era  in  home  buildmg.” 

Discussion 

IF.  IF.  King  (Texas  Forest  Serv¬ 
ice)  :  What  is  the  approximate  cost  of 
these  units? 

Mr.  Stanley:  Approximately  $8,000 
F.O.B.  Plant,  including  stove  and 
refrigerator. 
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Properties  of  Beech  in  Tension  Perpendicnlar  to  the 
Grain  and  Their  Relation  to  Drying' 

ERIC  L.  ELLWOOD 

Graduate  Fellow,  Yale  School  of  Forestry,  New  Haven,  Conn. 


In  the  drying  of  wood  the  surface  layers  tend  to  shrink  around 
a  relatively  nonshrinking  core.  This  results  in  tensile  and  compressive 
stresses  perpendicular  to  the  grain.  Checks  and  splits  result  when 
maximum  tensile  strength  is  exceeded.  Tensile  stresses  below  maxi¬ 
mum  but  beyond  proportional  limit  cause  “set."  This  paper  de¬ 
scribes  fundamental  stress-strain  data  for  American  beech  in  tension 
perpendicular  to  the  grain  at  temperatures  from  80°  F.  to  160°  F. 
and  moisture  content  from  green  to  6  per  cent.  Data  on  maximum 
stress,  fiber  stress  at  proportional  limit,  modulus  of  elasticity,  and 
maximum  strain  are  discussed  in  relation  to  wood  drying. 


Introduction 

HE  DETERMINATION  of  criti¬ 
cal  conditions  for  the  development 
of  drying  checks  in  lumber  and  the 
establishment  of  a  fundamental  foun¬ 
dation  for  the  determination  of  kiln 
schedules  depends  directly  upon  a 
knowledge  of  the  strength  and  elastic 
properties  of  wood  in  a  direction  per¬ 
pendicular  to  the  grain. 

It  is  generally  recognized  that,  in  the 
early  stages  of  drying  of  a  plank, 
shrinkage  of  the  surface  layers  around 
a  relatively  non-shrinking  core  sets  up 
tensile  stresses  in  the  surface  layers 
and  compressive  stresses  in  the  inner 
zones.  Also,  if  wood  is  stressed  be¬ 
yond  its  proportional  limit,  "set”  will 
develop,  while  checks  and  splits  will 
result  when  the  tensile  strength  of 
wood  is  exceeded  in  a  direction  per¬ 
pendicular  to  the  grain.  The  strength 
and  elastic  properties  concerned  will 
be  modified  in  turn  by  moisture  con¬ 
tent,  temperature,  and  the  time  for 
w'hich  the  stresses  are  acting.  A  study 
of  the  strength  and  elastic  properties 
in  relation  to  the  drying  problem  is 
therefore  inseparable  from  a  study  of 
their  modification  by  temperature, 
moisture  content,  and  duration  of 
stress. 

Although  the  importance  of  quanti¬ 
tative  data  with  respect  to  strength  and 
elastic  properties  of  wood  perpendicu¬ 
lar  to  the  grain  was  pointed  out  as 
early  as  19M  (3),  the  work  carried 
out  in  this  field  has  been  extremely 
limited.  Absence  of  data  on  strength 
and  elastic  phenomena  has  meant  that 

'This  was  the  winning  paper  in  the 
Graduate  Division  of  the  1953  Wood  and 
Wood  Products  Award  Contest.  Mr.  Ell- 
wood  has  since  returned  to  his  home  in 
Melbourne,  Australia. 


trial  and  error  methods  have  had  to  be 
used  to  a  considerable  extent  in  the  de¬ 
velopment  of  kiln  drying  schedules. 
As  a  result,  very  conservative  schedules 
have  been  developed. 

In  recent  years  the  United  States 
Forest  Products  Laboratory  (8)  has 
developed  the  stress  analysis  technique 
for  charting  the  stresses  occurring 
within  a  plank  over  the  drying  period. 
This  technique  consists  of  measuring 
the  width  across  the  grain  of  successive 
strips  in  depth  of  a  drying  plank.  The 
strips  are  measured  in  situ  in  the 
plank  and  then  again  immediately 
after  cutting  from  the  plank,  care  be¬ 
ing  taken  to  prevent  moisture  loss.  The 
change  in  dimension  of  the  strip  on 
cutting  from  the  plank  is  interpreted 
to  represent  the  degree  of  stress  exist¬ 
ing  within  the  strip  at  the  time  of 
cutting,  and  the  direction  of  the  di¬ 
mension  change  (expansion  or  con¬ 
traction)  to  indicate  the  nature  of  the 
stress,  that  is,  whether  compression 
or  tension.  Application  of  this  tech¬ 
nique  to  the  derivation  of  kiln  sched¬ 
ules  for  hardwoods  has  reduced  con¬ 
siderably  the  necessary  drying  times 
without  increasing  drying  degrade. 
This  is  shown  in  the  1951  Kiln  Dry¬ 
ing  Schedules,  published  by  the  Forest 
Products  Laboratory  (10). 

However,  to  allow  a  proper  and  full 
interpretation  of  the  strip  technique 
of  stress  analysis,  quantitative  data  on 
strength  and  elastic  properties  perpen¬ 
dicular  to  the  grain  are  of  paramount 
importance. 

The  apparent  success  of  high  tem¬ 
perature  drying  (at  or  near  the  boiling 
point  of  water)  of  hardwoods  in 
Europe  also  emphasizes  the  nc*ed  for 
closer  investigation  of  mechanized  and 
elastic  properties.  No  satisfactory  ex¬ 


planation  is  yet  possible  for  the  fact 
observed  by  Kollmann  (6)  that  the 
amount  of  surface  checking  tends  to 
be  greater  at  lower  temperatures  of 
drying.  Further,  studies  of  the  nature- 
described  above  should  afford  basic  in¬ 
formation  as  to  why  the  shrinkage  of 
wood  varies  with  drying  conditions.  ' 

Previous  Work 

The  comparatively  limited  work 
that  has  been  carried  out  on  the  com¬ 
bined  effect  of  temperature  and  mois¬ 
ture  content  on  wood  has,  in  the  main, 
been  restricted  to  properties  concerned 
with  structural  design. 

In  1936  Greenhill  (4)  published 
the  first  work  on  the  effect  of  tempera¬ 
ture  and  moisture  content  on  the 
strength  of  wood  perpendicular  to  the 
grain.  Greenhill’s  investigation  dealt 
with  American  beech,  and  was  re¬ 
stricted  to  an  examination  of  the  ten¬ 
sile  strength  and  elastic  properties.  The 
experimental  difficulties  encountered 
in  this  work  were  substantial,  with  the 
result  that  considerable  judgment  was 
exercised  in  the  interpretation  of  a 
portion  of  the  results,  particularly  at 
higher  temperatures. 

The  curve  for  maximum  load  plot¬ 
ted  against  temperature  was  sigmoid 


Figure  1. — Extensometer  and  clip  gauge 
attached  ta  tension  specimen. 
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Figure  2. — Test  arrangement  for  determination  of  strength  properties  under  controlled 
conditions  of  temperature  and  humidity. 

A.  H'eot  and  humidifying  compartment. 

B.  Testing  compartment  between  Templin  grips. 


lor  material  tested  in  the  green  con- 
ition,  with  the  maximum  rate  of 
irength  decrease  occurring  between 
n)0  and  155°  F.  The  behavior  of  fiber 
rress  at  proportional  limit  and  modu¬ 
lus  of  elasticity  was  similar  in  nature 
; )  that  of  maximum  load.  Perhaps  the 
i  iost  significant  result  advanced  by 
i  .reenhill  was  that  maximum  deforma- 
;  on  at  failure  occurred  at  124°F. 

It  was  subsequently  proposed  that 
"le  optimum  drying  temperature  for 
l.cech  was  124°F,  as  the  tensile  stress 
1  the  drying  plank  could  be  accommo- 
dated  by  stretching  rather  than  re¬ 
lieved  by  checking.  The  validity  of 
Mich  an  hypothesis  is  critical  in  the 
iiirthcr  development  of  the  drying 
theory'.  In  actual  fact,  it  has  never 
been  demonstrated  that  the  optimum 
drying  temperature  of  beech  is  124°F 
from  the  standpoint  of  surface 
checking. 

Kollmann  (6),  in  1950,  published 
results  of  an  investigation  made  in 
Sweden  to  determine  the  causes  of  in¬ 
jury  in  the  drying  of  green  oak.  Ten¬ 
sile  tests  were  carried  out  to  determine 
maximum  load  of  green  material  in 
the  temperature  range  from  —  70  to 
-(-100°C.  The  maximum  load  bore  a 
linear  relation  to  temperature  from 
—  70  to  0°C,  and  from  0  to  100°C, 
with  a  discontinuity  at  0°C  for  which 
no  explanation  was  offered. 

Kollmann  concluded  from  his  re¬ 
sults  that  there  was  no  indication  of 
greater  deformation  at  any  particular 
temperature.  In  his  experiment,  how¬ 
ever,  the  strain  was  measured  by  move¬ 
ment  of  the  crosshead  in  the  testing 
machine,  with  small  magnification,  and 
no  attempt  was  made  to  estimate  or 
correct  for  movement  in  the  tension 
grips.  Therefore,  this  evidence  put  for¬ 
ward  by  Kollmann  cannot  be  accepted 
as  conclusive. 

Evidence  (unpublished)  advanced 
by  Barnard-Brown  and  Kingston  (1) 
on  the  green  tension  testing  in  Aus¬ 
tralia  of  two  eucalypt  species  and 
myrtle  beech  shows  a  linear  relation¬ 
ship  between  temperature  and  strength, 
and  a  trend  towards  an  increase  in  de¬ 
formation  at  failure  with  increased 
temperature.  The  results,  however,  are 
not  considered  conclusive  by  the  au¬ 
thors,  owing  to  the  limited  amount  of 
material  tested. 

From  the  above  review,  the  unsatis¬ 
factory  state  of  knowledge  on  the 
strength  and  strain  behavior  of  wood 
ii^  a  direction  perpendicular  to  the 
g.  ain  is  evident. 

Experimental 

•^.onsideration  of  the  stresses  in  a 
di  ing  plank  shows  that  the  tensile 
an  I  compressive  strengths  and  elas- 
ti  ty  perpendicular  to  the  grain  are  the 
Host  important  mechanical  properties 

L'"-“ 


with  respect  to  the  development  of  de¬ 
grade.  Shear  proj-jerties  in  the  trans¬ 
verse  direction  will  modify  the  mutual 
interaction  of  the  tensile  and  compres¬ 
sive  stresses  in  the  drying  plank. 

in  this  paper,  investigations  are 
limited  to  a  study  of  the  influence  of 
temperature  and  moisture  content  upon 
the  strength  and  elastic  properties  of 
American  beech  (Vagus  grand  if  olia) 
in  a  tangential  direction,  perpendicular 
to  the  grain.  Exploratory  tests  were 
also  carried  out  on  repeated-  and  dead¬ 
loading  effects.  Provision  has  been 
made  to  test  matched  material  in  com¬ 
pressive  properties  under  the  same 
testing  conditions  as  were  u.scd  for  the 
tensile  tests.  The  latter  investigation 
will  be  reported  in  a  future  paper. 

Material:  American  beech  was 
selected  for  testing  as  this  species  is 
prone  to  surface  checking  and,  as  far 
as  is  known,  is  not  .subject  to  liquid 
tension  collapse  which  would  introduce 
a  further  complicating  variable  into 
the  study. 

Green  logs  from  six  trees  (105  to 
260  years  old)  were  sawed  around  the 
log  to  produce  ll/^-in.  planks  at  least 
7  in.  in  width,  with  the  least  possible 
curvature  of  the  growth  rings.  Material 
for  test  was  taken  only  from  the  heart- 
wood.  From  each  log,  the  plank  which 
contained  the  least  amount  of  defect 
and  the  least  curvature  of  the  growth 
rings  was  marked  into  four  sections. 
One  of  the  four  sections,  selected  at 
random,  was  then  cut  out  from  each 
plank,  and  stored  in  the  green  condi¬ 
tion  under  damp  sawdust  treated  with 
sodium  pentachlorophenate  to  mini¬ 
mize  strain  and  decay.  The  remainder 
of  the  material  from  each  plank  was 


kiln  dried  under  mild  conditions  of 
110°F  dry-bulb  and  107°F  wet-bulb 
temperature,  being  changed  to  12()°F 
dry-bulb  with  95  °F  wet-bulb  tempera¬ 
ture  as  drying  proceeded.  When  the 
drying  material  successively  reached 
approximately  18  and  12  per  cent 
moisture  content,  one  section  from 
each  plank  was  taken  at  random  and 
stored  in  scaled  bags.  The  remaining 
section  of  each  plank  was  dried  down 
to  approximately  6  per  cent  moisture 
content  before  removal  to  a  sealed 
bag. 

The  material  for  test  was  dried  in 
plank  dimensions  as  it  was  found  that 
warping  developed  when  the  speci¬ 
mens  were  dried  in  test  size.  In  addi¬ 
tion,  as  drying  checks  (if  present  ) de¬ 
velop  in  the  surface  zones  of  beech 
rather  than  in  the*,  interior  zones,  there 
would  be  little  likelihood  of  drying 
checks  being  present  in  the  finally 
shaped  specimen  as  the  surface  zones 
were  removed  in  the  shaping  opera¬ 
tion. 

All  sections  were  then  planed  to 
dimension  and  the  specimens  cut  out 
and  shajxid  for  test.  Test  specimens 
from  each  of  the  6,  12,  and  18  per 
cent  moisture  content  samples  and  the 
green  material  were  allocated  at  ran¬ 
dom  to  each  of  the  five  temperatures 
of  test.  After  preparation,  the  speci¬ 
mens  were  kept  for  several  weeks  at 
room  temperature  in  .sealed  jars  over 
saturated  solutions  which  afforded  the 
appropriate  equilibrium  moisture  con¬ 
tent  conditions. 

Form  of  Test  Soecimen:  The  cross 
section  of  the  actual  test,  zone  was 
1  3  by  1/2  in.,  with  a  lYyin.  radius 
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of  curvature  to  the  extended  ends  of 
the  specimen  which  are  held  in  the 
self-aligning  friction  (Templin)  grips 
of  the  testing  machine.  The  total 
length  of  the  specimen  was  7  in.  Its 
shape  is  shown  in  Figure  1.  This  type 
of  specimen  was  adopted  in  place  of 
the  American  Society  for  Testing  Ma¬ 
terials  specimen  in  order  to  permit 
making  measurements  of  strain.  Fur¬ 
ther,  Keyl worth  (5)  has  observed  that 
the  necked-down  specimen  of  the  type 
used  in  the  present  experiment  shows 
tensile  strength  values  more  closely  ap¬ 
proaching  the  true  value  than  does  the 
standard  specimen. 

Test  Conditions:  Specimens  from 
each  of  the  six  logs  were  tested  in  du¬ 
plicate  at  fiive  levels  of  temperature 
in  combination  with  four  levels  of 
moisture  content,  as  follows: 

Temperature:  80,  100,  120,  140, 
160°F. 

Moisture  content:  6,  12,  18  per  cent, 
green. 

Thus,  12  specimens  were  tested  at 
each  of  the  20  combinations  of  tem¬ 
perature  and  moisture  content. 

The  experiment  was  designed  as  a 
randomized  block  2  x  4  x  5  x  6  fac¬ 
torial.  In  the  statistical  analysis,  ac¬ 
count  was  not  taken  of  variation  of  ac¬ 
tual  moisture  content  from  the  nomi¬ 
nal  moisture  indicated. 

Test  Equipment:  Testing  Chamber. 
— A  primary  consideration  was  that 
the  testing  machine  could  not  be  with¬ 
drawn  from  use  on  other  work  during 
the  course  of  this  experiment.  There¬ 
fore,  a  portable  temperature  and  hu¬ 
midity  chamber  was  constructed  to  con¬ 
trol  the  temperature  and  moisture  con¬ 
tent  of  the  specimens  during  test.  The 
chamber  was  mounted  on  the  crosshead 
of  a  Baldwin  Southwark  universal  test¬ 
ing  machine  in  such  a  manner  as  to 
enclose  the  specimen  but  not  the 
Templin  grips  which  held  it  (see  Fig¬ 
ure  2).  With  this  arrangement,  it  was 
not  necessary  to  heat  the  Templin 
grips  to  test  temperature,  and  conden¬ 
sation  trouble  at  high  humidities  w'as 
also  minimized. 

The  chamber,  as  shown  in  Figure 
2,  consisted  essentially  of  two  sec¬ 
tions,  namely,  the  heating  and  humidi¬ 
fying  compartment  and  the  test  com¬ 
partment.  The  heating  compartment 
contained  a  strip  heater  above  which 
rested  a  tray  of  the  appropriate  satu¬ 
rated  salt  solution  used  to  produce  the 
required  equilibrium  moisture  content. 
A  fan  mounted  on  the  wall  provided 
circulation  through  to  the  test  compart¬ 
ment.  The  test  compartment  was  de¬ 
signed  to  provide  for  free  movement 
of  the  specimen  and  yet  to  maintain 
good  thermal  and  vapor  insulation.  To 
achieve  this,  two  layers  of  flexible 
rubber  sheeting,  with  insulating  ma¬ 


terial  packed  between  them,  were  fitted 
closely  around  the  extended  ends  of 
the  test  specimen.  A  window  was  built 
into  the  access  door  of  the  test  com¬ 
partment  for  observation  of  the  speci¬ 
men  during  test.  Heat  and  vapor  in¬ 
sulation  of  both  sections  of  the  cham¬ 
ber  was  obtained  by  packing  the  walls 
with  glass  wool  and  lining  the  interior 
with  aluminum  foil  caulked  at  all 
joints. 

Temperature  control  was  obtained 
by  means  of  a  bimetallic  on-off  thermo¬ 
regulator  which  was  placed  in  the  test 
compartment  in  the  vicinity  of  the  test 
specimen.  In  order  to  obtain  optimum 
control  of  the  temperature,  it  was 
found  to  be  necessary  to  place  a  varia¬ 
ble  resistance  in  series  with  the  strip 
heater  to  vary  the  heat  dissipation  of 
the  heater  according  to  the  temperature 
desired.  Under  these  conditions,  the 
degree  of  control  obtained,  determined 
by  shielded  thermocouples,  was 
±1.5°F. 

To  obtain  humidity  control,  a  sur¬ 
vey  was  made  of  salts  which  would 
provide  the  desired  equilibrium  mois¬ 
ture  content  in  saturated  solution  at 
the  temperature  of  test.  Final  selec¬ 
tion  of  the  salts  was  made  on  the  basis 
of  equilibrium  moisture  content  de¬ 
terminations  of  samples  placed  in  the 
test  chamber.  Greatest  difficulty  with 
humidity  control  occurred  at  the 
higher  operating  temperatures,  in  at¬ 
tempting  to  attain  18  per  cent  equi¬ 
librium  moisture  content  conditions. 
Trial  runs  with  the  salts  finally  selected 
indicated  that  the  moisture  content  of 
the  samples  varied  no  more  than  1.5 
per  cent  moisture  content  from  the  set 
point. 

Strain  Measuring  Device. — It  was 
obvious  that  considerable  difficulty 
would  be  encountered  in  obtaining  ac¬ 
curate  strain  readings  from  the  con¬ 
ventional  strain  gauges  available.  Elec¬ 
tric  variable  resistance  wire  strain 
gauges  were  first  bonded  directly  to 
the  specimens,  but  the  results  were  un¬ 
satisfactory  as  inadequate  bonding  was 
obtained  on  the  green  material. 

The  principle  eventually  adopted 
was  that  of  the  bending  beam  or  clip 
gauge,  with  which  repeated  use  of  the 
SR-4  electric  strain  gauges  is  possible. 
In  this  device,  a  bent  phosphor  bronze 
beam,  with  resistance  wire  gauges  at¬ 
tached  to  the  concave  and  convex  faces, 
is  sprung  into  place  between  the  "ears” 
of  the  extensometer.  When  the  speci- 
ment  is  subjected  to  tensile  strain  the 
"ears”  of  the  extensometer  move  apart 
and  the  curvature  of  the  beam  de¬ 
creases.  As  a  result,  the  gauge  on  the 
convex  face  is  subjected  to  compres¬ 
sion,  and  that  on  the  concave  face  is 
subjected  to  tension.  With  the  gauge 
on  the  convex  face  of  the  beam  at¬ 
tached  to  the  compensating  gauge 


terminals  of  the  SR-4  type  K  strain  in¬ 
dicator,  and  the  gauge  on  the  concave 
face  attached  to  the  active  gauge  ter¬ 
minals,  strain  readings  may  be  made 
on  the  indicator  dial  of  the  instru¬ 
ment.  As  the  readings  obtained  are 
not  a  direct  measure  of  the  actual 
elongation  between  the  points  of  at¬ 
tachment  of  the  extensometer,  the  clip 
gauge  must  be  calibrated  to  permit 
transformation  of  dial  readings  to  unit 
strain  measurements  for  the  test  speci¬ 
men.  Effects  of  temperature  of  test 
on  the  strain  gauges  are  automatical!) 
compensated  for,  as  both  gauges  art 
under  the  same  environmental  condi 
tions. 

The  extensometer  and  clip  gauge 
were  constructed  to  perform  over  a 
1-in.  gauge  length  of  the  test  speci 
men.  Baldwin  SR-4  type  A-11  gauge^ 
were  used  for  the  low-temperaturi 
work,  and  SR-4  type  AB3  gauges  foi 
the  higher  temperatures  and  humidi 
ties.  A  2-in.  length  of  phosphor  bronze 
of  0.018-in.  thickness  was  bent  to  a 
4-in.  radius  of  curvature.  Arms  ex 
tending  towards  the  axis  of  curvature 
were  placed  on  the  ends  of  the  strip 
to  provide  contact  with  the  extenso 
meter.  Gauges  were  cemented  to  the 
convex  and  concave  faces  of  the  bean 
with  Armstrong’s  A^  epoxide  resin. 

The  extensometer  to  hold  the  clip 
gauge  was  made  from  aluminum  alloy 
to  minimize  weight.  The  extensometer 
and  clip  gauge  assembly  are  shown  at 
tached  to  the  specimen  in  Figure  1. 

The  clip  gauge  was  calibrated  under 
room  conditions  against  A-11  gauges 
cemented  directly  to  the  surfaces  ot 
several  specimens.  Readings  within  the 
proportional  limit  were  taken  succes 
sively  with  the  clip  gauge  and  the 
direct  reading  gauge,  and  a  conversion 
factor  obtained. 

Testing  Procedure:  In  order  to 
distribute  error  in  experimentation,  the 
experimental  material  was  divided  into 
groups  of  six  specimens,  each  group  ol 
six  containing  one  specimen  from  each 
log,  so  that  one  replicate  of  the  ma 
terial  was  tested  at  a  time.  The  order 
of  testing  at  the  20  combinations  or 
temperature  and  moisture  content,  each 
to  be  set  up  twice,  was  also  randon 
ized. 

The  sequence  of  events  in  testing 
was  as  follows.  A  group  of  specimtr-. 
was  taken  from  the  sealed  salt  sole 
tion  container  where  they  had  bec  i 
maintained  at  a  pre-determined  mor- 
ture  content  at  room  temperature,  an  i 
placed  in  a  small  conditioning  cabin*  t 
in  which  the  temperature  and  humidi  y 
conditions  were  the  same  as  those  re¬ 
quired  for  testing.  The  oven-diy 
weight  of  each  sample  had  been  pr  - 
viously  estimated  from  moisture  co  i- 
tent  samples  cut  during  the  formir  g 
operation.  Consequently,  a  close  che  k 
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•in  the  specimen  moisture  content  was 
vailable  at  all  times  by  weighing. 
Vfter  2  hours  in  the  conditioning  cabi- 
let,  the  specimen  was  transferred  rap- 
lly  to  the  test  chamber,  which  had 
een  brought  previously  to  the  oper- 
ting  conditions.  The  specimen  was 
,:ted  with  the  extensometer  and  clip 
iuge  and  then  clamped  in  the  friction 
rips.  After  the  specimen  was  inserted, 
minutes  were  allowed  for  stabiliza- 
:on  of  the  chamber  before  testing. 

The  rate  of  loading  was  controlled 
0  0.015  in.  per  min.  over  the  41/2  in. 
C'tween  the  Templin  grips,  and  the 
lad  increments  taken  were  appropriate 
0  the  estimated  maximum  load  of  the 
.lecimen.  Strain  was  recorded  manu- 
.lily  until  failure  of  the  specimen  with 
an  SR-4  type  K  strain  indicator. 

After  failure,  the  net  section  of  the 
specimen  was  measured  with  a  ma¬ 
chinist’s  micrometer.  The  net  section 
was  broken  out,  weighed,  and  oven 
dried  to  determine  the  actual  moisture 
content  at  test.  All  sections  which  did 
not  fail  in  the  net  section  were  dis¬ 
carded.  A  Breuil  mercury  volume- 
meter  was  used  to  obtain  volumes  for 
the  calculation  of  specific  gravity  based 
on  oven-dry  weight  and  oven-dry 
volume. 

Stress-strain  curves  were  plotted  for 
specimens,  and  maximum  stress,  modu¬ 
lus  of  elasticity,  fiber  strees  at  propor¬ 
tional  limit,  and  maximum  unit  strain 
were  computed. 

Results 

In  general,  good  control  of  moisture 
content  was  obtained  by  using  the 
technique  of  periodically  checking  the 
weight  of  the  specimens  during  the 
conditioning  period.  The  maximum 
deviation  of  any  group  of  specimens 
from  the  control  moisture  content  was 
0.8  per  cent.  The  greatest  difficulty  en¬ 
countered  was  in  stabilizing  the  mois¬ 
ture  content  of  the  18  per  cent  mois¬ 
ture  content  specimens  at  the  higher 
temperatures. 

On  the  whole,  the  clip  gauge  be¬ 
haved  satisfactorily,  although  some 
trouble  was  experienced  because  of 
breakage  of  the  fine  lead  wires  during 
handling.  Special  attention  in  water¬ 
proofing  the  lead  wires  was  also  neces¬ 
sary  to  prevent  electrical  short  circuits 
at  the  higher  humidities. 

Although  the  temperature  tended  to 
fal!  slightly  below  the  control  point 
when  the  specimen  was  introduced  into 
th.  testing  chamber,  temperature  varia¬ 
tions  were  restricted  to  d:2°F.  about 
the  eontrol  point  during  actual  test. 

1  xperimental  data  obtained  for  the 
eft  vts  of  temperature  and  moisture 
content  on  the  tensile  strength  and 
el.  tic  properties  are  given  in  Table  1. 
Fi  jd  curves  for  the  effect  of  tempera- 
tu  on  strength  and  elastic  properties 
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Figure  3. — Effect  of  temperature  and  moisture  content  on  mechanical  properties  of 
bdech  in  tension  perpendicular  to  the  groin. 

A,  B,  C.  Mathematically  fitted  curves  at  nominal  moisture  contents. 

D.  Freehand  curves  at  nominal  moisture  contents. 

E,  F,  G.  Freehand  curves  at  actual  moisture  contents.  Points  taken  from  fitted  curves  in 

Figure  3  A,  B,  and  C. 


Table  1 — EFFECT  OF  TEMPERATURE  AND  MOISTURE  CONTENT  ON  PROPERTIES  OF  AMERICAN 
BEECH  IN  TENSION  PERPENDICULAR  TO  THE  GRAIN  (TANGENTIAL  DIRECTION ) 


Nominal 

Actual 

Nominal 

Moisture 

Moisture 

Temp. 

Content 

Content 

(°F) 

(per  cent) 

(per  cent) 

6 

5.. 5 

12 

12.2 

80 

18 

17.7 

green 

89.4 

Maximum 

L^jad 

(lb.  per  sq.  in.) 

1523 
1289 
1040 
782 


Modulus  of 
Elasticity 
(100  lb.  per 
sq.  in.) 


Fiber  Stress  at 
Proportional 
Limit 

(lb.  per  sq.  in.) 


Strain  at 
Maximum 
Load 

(in.  per  in.) 
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Table  2 — EFFECT  OF  TEMPERATURE  AND  MOBTURE  CONTENT  ON  THE  TENSILE  STRENGTH 
AND  ELASTIC  PROPERTIES  OF  AMERICAN  BEECH  PERPENDICULAR  TO  THE  GRAIN 
(TANGENTIAL  DIRECTION)  IN  THE  TEMPERATURE  RANGE  80  TO  160°  F. 


Moisture 

Significance 

Property 

Content 

Regression  Equation  of 

of  Temperature 

(per  cent) 

Property  on  Temperature 

Effect 

Maximum  load _ _ 

6 

y  =  1888.20  -  4.225x 

12 

y  =  1622.28-4.460x 

L* 

18 

y  =  1494.48-6.101x 

green 

y  =  1215.45-5.564x 

Modulus  of  Elasticity _ 

6 

y  =  3210 . 64  -20 . 290x  -1-0 . 0485x3 

12 

y  =  2659 . 02  -  21 . 002x + 0 . 0567x2 

L*  Q* 

18 

y  =  2263 . 1 5  - 19 . 657x -b  0 . 0485x2 

green 

y  =  1881 . 74  - 16 . 950x  -1-0 . 0428x2 

Proportional  Limit  Stress _ 

6 

y  =  1949 . 97  - 1 4 . 002x  -(-  0 . 0398x2 

12 

■y  =  1394 . 76  - 10 . 082x  -bO  .0243x2 

L*  Q* 

18 

y  =  1215.70-  9.802x4-0.0225x2 

green 

y=  783.04  -  5.820x4-0.0122x2 

L  =  Linear  component. 

Q  =  Quadratic  component. 

*  =  Significant  at  1  per  cent  level. 

X  =  Temperature  (°F). 

y  =  Computed  property  value  in  lb.  per  sq.  in.  for  maximum  load  and  proportional  limit  stress,  ai  1 
100  lb.  per  sq.  in.  for  modulus  of  elasticity. 


for  the  nominal  6,  12,  18  per  cent  and 
green  moisture  contents  are  shown  in 
Figure  3  A,  B,  and  C.  Table  2  shows 
the  regression  equations  of  tempera¬ 
ture  upon  strength  and  elasticity  at  the 
four  moisture  contents  tested.  Figure 
3  E,  F,  and  G  shows  the  effect  of 
moisture  content  upon  the  strength  and 
elastic  properties  for  the  nominal 
temperatures  of  80,  100,  120,  140, 
and  160°F.  The  latter  curves  were  ob¬ 
tained  by  drawing  freehand  lines 
through  the  strength  values  obtained 
from  the  fitted  curves  in  Figure  3  A, 
B,  and  C,  plotted  against  actual  mois¬ 
ture  content  at  test.  These  curves  were 
extrapolated  to  the  strength  in  the 
green  condition. 

Figure  3  D  shows  the  effect  of  tem¬ 
perature  on  strain  at  failure  for  the 
nominal  moisture  contents  of  6,  12, 
and  18  per  cent,  and  for  the  green 
condition.  The  relationship  is  repre¬ 
sented  by  freehand  curves. 

The  mean  specific  gravity  of  the  ma¬ 
terial  tested  was  0.72. 

Discussion  of  Results 

Maximum  load  showed  a  highly  sig¬ 
nificant^  linear  trend  with  temperature 
for  all  moisture  contents,  in  contrast 
to  a  sigmoid  relationship  found  in 
earlier  tests  on  this  species.  The  pres¬ 
ent  results  conform  with  the  trend 
found  by  Kollmann  for  green  oak,  and 
by  Barnard-Brown  and  Kingston  for 
three  Australian  species. 

A  highly  significant  difference  of 
temperature  effect  with  moisture  con¬ 
tent  was  found.  The  temperature  co¬ 
efficient  was  greatest  at  18  per  cent 
moisture  content  (see  Table  2  and 
Figure  3  A). 

Table  3  shows  a  comparison  of  the 
limited  data  available  on  the  effect  of 
temperature  upon  tensile  strength  per¬ 
pendicular  to  the  grain.  It  can  be  seen 
that  there  is  a  considerable  variation 
in  temp>erature  effect  between  species. 
A  greater  strength  decrease  with  tem¬ 
perature  than  has  been  published 
previously  was  found  for  beech, 
although  the  difference  between  re¬ 
sults  is  somewhat  reduced  if  the 
strength  decrease  is  expressed  as  lb. 
per  sq.  in.  per  degree  F. 

Up  to  18  per  cent  moisture  con¬ 
tent,  the  effect  of  moisture  content  on 
strength  showed  a  highly  significant 
linear  relationship  (see  Figure  3  E). 
The  moisture  content  effect  increased 
with  increasing  temperature.  The 
curve  for  each  temperature  group  was 
extrapolated  to  the  green  strength  at 
that  temperature. 

It  should  be  noted  that  the  mois¬ 
ture  content — tension  perpendicular  to 
the  grain  strength  relationship  departs 

'  The  term  "highly  signiheant"  denotes  a 
difference  or  trend  which  is  statistically  signifi¬ 
cant  at  the  1  per  cent  level.  The  term  "signifi¬ 
cant”  applies  at  the  S  per  cent  level. 


from  the  usual  exponential  law  as¬ 
sumed  to  hold  generally  for  wood 
properties  at  room  temperature  (11). 
In  this  connection,  Sulzberger  (9) 
found  that  the  crushing  strength 
parallel  to  the  grain  also  departed 
from  the  exponential  law,  and  that 
the  actual  relationship  depended  upon 
the  temperature  of  test. 

It  is  interesting  to  note  that  both 
the  12  per  cent  and  green  specimens 
used  in  this  investigation,  when  cor¬ 
rected  for  specific  gravity,^  showed 
higher  values  than  those  given  by  the 
ASTM  method  of  testing  (7).  A 
closer  approach  to  the  true  tensile 
strength  by  use  of  the  test  specimen 
employed  in  this  study  is  therefore  ob¬ 
tained  probably  as  a  result  of  reduced 
stress  concentrations  in  the  specimen. 

The  effect  of  temperature  upon 
modulus  of  elasticity  showed  highly 
significant  linear  and  quadratic  com¬ 
ponents  (see  Table  2  and  Figure 
3  B),  although  the  quadratic  com¬ 
ponent  was  very  small  in  comparison 
with  the  linear  component.  This  trend 
differs  from  the  sigmoid  relationship 
between  modulus  of  elasticity  and 
temperature  previously  published  for 
this  species,  and  tends  to  be  more 
similar  to  the  linear  relation  found 
from  limited  tests  in  the  green  condi¬ 
tion  for  three  Australian  species.  It 
can  be  seen  from  Table  3  that  the  per¬ 
centage  reduction  with  temperature  in 
modulus  of  elasticity  of  green  beech  is 
considerably  greater  than  values  previ¬ 
ously  published.  The  linear  tempera¬ 
ture  coefficients  for  the  6,  12,  and  18 
per  cent  moisture  content  series  were 
significantly  greater  than  the  linear 
temperature  coefficient  for  the  green 
series. 

In  the  moisture  content  range  of  6 
to  18  per  cent,  modulus  of  elasticity 
showed  a  highly  significant  linear  and 
quadratic  decrease  with  increasing 
moisture  content.  The  relationship  was 

’  Direct  proportionality  between  specific  grav¬ 
ity  and  tensile  strength  was  assumed,  in  the 
absense  of  data  on  the  precise  relationship  be¬ 
tween  these  two  properties. 


extrapolated  to  green  values  as  show:i 
in  Figure  3  F.  The  decrease  1 1 
strength  with  increasing  moisture  cor- 
tent  appears  independent  of  the  ten  - 
perature  within  the  temperature  range 
tested. 

Reduction  of  fiber  stress  at  propoi- 
tional  limit  with  increasing  temper¬ 
ature  is  largely  accounted  for  by  a 
linear  component,  but,  as  in  the  ca>e 
of  modulus  of  elasticity,  a  relatively 
small  quadratic  component  was  highly 
significant.  Again,  the  linear  tempera¬ 
ture  coefficients  for  the  6,  12,  and  18 
per  cent  moisture  content  series  were 
not  significantly  different,  and  were 
greater  than  the  temperature  coefficieid 
for  the  green  material  (see  Figure 
3  C). 

Within  the  moisture  content  range 
of  6  to  18  per  cent,  the  reduction  of 
fiber  stress  at  proportional  limit  with 
increasing  moisture  content  is  ac¬ 
counted  for  by  highly  significant  linear 
and  quadratic  components.  The  effect 
of  moisture  content  upon  the  fiber 
stress  at  proportional  limit  was  not 
markedly  influenced  by  the  tempera¬ 
ture  of  test  (see  Figure  3  G). 

The  extrapolation  of  the  curves  for 
maximum  load,  modulus  of  elasticity, 
and  fiber  stress  at  proportional  limit, 
plotted  against  moisture  content,  shows 
that  fiber  saturation  point  (or  the  in¬ 
tersection  point)  decreases  with  in¬ 
creasing  temperature  of  test.  This  be¬ 
havior  is  in  conformity  with  otler 
observations  (12)  and  justifies  the 
extrapolation. 

Considering  strain  relationships,  the 
strain  at  proportional  limit  show  cd 
large  variations  between  logs,  and 
showed  no  trend  with  temperature  or 
moisture  content  of  test.  The  strain  at 
proportional  limit  varied  from  0.('04 
to  ().007  in.  per  in.,  depending  on  he 
material. 

Strain  at  failure  for  the  test  m.  te- 
rial  is  shown  in  Figure  3  D.  No  at¬ 
tempt  was  made  to  fit  regres'ion 
curves,  as  many  interactions  w 
highly  significant.  Specimens  at  all 
moisture  contents  showed  a  highly  -ig- 
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aificant  linear  increase  in  maximum 
•.train  with  increasing  temperature  of 
'est,  but  significant  curvilinear  effects 
were  present.  There  was  no  trend  to 
greatest  deformation  at  failure  in  the 
vicinity  of  124°  F,  as  found  by  Green- 
iiill,  although  some  moisture  content 
groups  showed  a  slight  decrease  in 
strain  at  160°  F. 

Maximum  strain  at  6  per  cent  mois¬ 
ture  content  was  considerably  less 
than  that  at  all  other  moisture  con¬ 
tents  at  all  temperatures.  At  80°  F, 
the  6,  12,  and  18  per  cent  and  green 
moisture  content  series  fell  into  a 
:jeries  of  successively  higher  maximum 
strain  values.  At  higher  temperatures, 
the  difference  in  maximum  strain  be¬ 
tween  the  12  and  18  per  cent  moisture 
.ontent  and  green  groups  was  not 
large,  indicating  a  very  similar  maxi¬ 
mum  strain  at  these  moisture  contents. 

In  general,  considerable  differences 
are  apparent  between  earlier  work  and 
the  present  investigation  in  the  effects 
of  temperature  and  moisture  content 
on  the  tensile  strength  properties  of 
beech.  It  is  considered  that  these  dis¬ 
crepancies  are  due  largely  to  insuffi¬ 
cient  moisture  content  control  of  the 
specimen  in  the  earlier  investigation, 
as  the  facilities  available  for  such  con¬ 
trol  have  since  been  much  improved. 
Considerable  judgement  was  there¬ 
fore  apparently  exercised  in  locating 
curves,  with  the  result  that  some 
trends  were  shown  in  the  earlier  work 
which  are  now  known  to  be  untenable, 
for  example,  the  absence  of  a  tem¬ 
perature  effect  on  the  strength  of 
oven-dry  wood. 

It  is  not  yet  possible  to  determine 
whether  other  species  of  wood  react 
similarly  to  beech  with  respect  to  the 
effect  of  temperature  and  moisture 
content,  but  differences  are  apparent 
in  the  very  limited  data  available. 

Relation  to 'Drying  Stresses 

Full  and  proper  application  of  the 
above  results  to  the  drying  procedure 
can  only  be  made  by  their  integration 
with  other  properties  relative  to  stress 
and  strain  in  the  direction  perpen¬ 
dicular  to  the  grain.  The  most  impor¬ 
tant  of  these  properties  are  compres¬ 
sion  perpendicular,  shear,  and  the 
modifying  effects  of  prolonged  load¬ 
ing  upon  the  properties.  However,  at 
this  stage  several  points  can  be 
brought  out  from  the  data  presented. 

Consideration  of  Figure  3  E  and  G 

sliow's  that  the  —  ratio  decreases  with 
m 

r  =  fiber  strees  at  proportional  limit 

m  =  maximum  stress 

E  =  modulus  of  elasticity 

ii:  reasing  temperature  and  also  with 
I!  reasing  moisture  content.  Conse- 
C]  :ently,  the  plastic  range  is  extended 
\^i!h  increased  temperature  and  in- 


Table  3— TEMPERATURE  EFFECT  ON  STRENGTH  AND  ELASTIC  PROPERTIES  IN  TENSION 
PERPENDICULAR  TO  THE  GRAIN  FOR  GREEN  SPECIES  IN  THE 
TEMPERATURE  RANGE  80  TO  160°  F. 


Average  decrease  in  strength  per  degree  F 
increase  in  temperature  as  percentage  of 
green  values  at  80°F. 


Maximum  Modulus  of  Proportional 
Source  Species  Stress  Elasticity  Limit  Stress 

Present  work _ _ American  beech  0.71  0.84*  0.72* 

Reference  (4) _ _ _ _ _ American  beech  0 . 56*  0 . 66*  0.62* 

Reference  (6) _  European  oak  0.57  _  _ 

Referenced) . . . Myrtle  beech  0.73t  0.99t  0.65*t 

Referenced) . . . . . Alpine  ash  0.63t  0.95t  0.58t 

Reference  (1) _ _ _ Mountain  ash  0.59t  0..59t  0.55*t 


*Non  linear  components  included. 
fApproximate  values. 


creased  moisture  content.  Thus,  ten¬ 
sion  set  will  occur  at  lower  loads  un¬ 
der  conditions  of  higher  moisture  con¬ 
tents  and/or  higher  temperatures. 

Similarly,  consideration  of  Figure  3 
£1 

E  and  F  shows  that  the  —  ratio  is  at 
m 

a  maximum  at  low  temperature  and 
low  moisture  content,  and  decreases 
with  increasing  moisture  content  and 
with  temperature.  Stiffness  is  reduced 
relative  to  maximum  stress  with  in¬ 
creasing  temperature  and  moisture 
content,  and  therefore  greater  defor¬ 
mation  per  unit  stress  may  occur  under 
these  conditions. 

As  has  been  previously  pointed  out 
(1),  the  fiber  stress  at  proportional 
limit  is  practically  always  exceeded  in 
the  drying  of  lumber.  Therefore,  to 
evaluate  the  stresses  currently  present 
in  a  drying  plank  by  the  technique  of 
strip  analysis,  the  ’’set”  component  of 
strain  must  be  added  to  the  elastic 
recovery  of  the  strips  to  determine  the 
actual  stress  in  the  strip. 

A  quantitative  knowledge  of  the 
stress-strain  curve  for  different  condi- 
ditions  of  temperature  and  moisture 
content,  as  afforded  by  the  data  pre¬ 
sented,  should  allow  a  more  accurate 
determination  of  stresses  existing  in  a 
given  strip. 

Comparatively  small  increases  in 
maximum  strain  in  tension  are  pro¬ 
duced  by  increasing  temperature.  Be¬ 
cause  strain  at  proportional  limit  was 
practically  constant  for  all  combina¬ 
tions  of  temperature  and  humidity 
tested,  increases  in  maximum  strain 
were  of  a  plastic  nature.  It  is  there¬ 
fore  contended  that  any  increase  in 
the  ability  of  beech  to  resist  surface 
checking  by  greater  deformation  at 
higher  temperatures  would  be  very 
slight,  as  comparatively  small  stresses 
could  account  for  a  small  plastic 
strain.  Of  greater  import  is  the  much 
reduced  maximum  strain  at  low  mois¬ 
ture  contents. 

Because  duration  of  loading  consid¬ 
erably  affects  strength  properties  in 
general,  several  exploratory  tests  were 
carried  out  to  determine  trends  in  ten¬ 
sile  strength  properties  as  influenced 
by  duration  or  stress.  A  limited  num¬ 


ber  of  specimens  were  held  in  tension 
for  2  hours  at  a  constant  load  above 
the  proportional  limit.  The  constant 
load  value  was  approximately  85  per 
cent  of  the  maximum  load  of  closely 
matched  controls  which  were  loaded 
to  failure  at  a  constant  rate  of  0.015 
in.  per  min.  Considerable  creep  was 
evident.  Strain  was  observed  to  in¬ 
crease  with  successively  diminishing 
increments  with  time  to  a  point  where 
further  increases  in  strain  were  hardly 
discernable.  The  initial  rate  of  strain 
increase  was  greatest  in  the  specimens 
which  were  loaded  at  high  moisture 
content  and  temperature.  In  all  cases, 
the  maximum  load  which  the  speci¬ 
mens  could  resist  after  2  hours  was 
less  than  that  of  the  controls,  which 
were  loaded  to  failure  at  the  constant 
rate  of  loading  prescribed  earlier.  Sev¬ 
eral  specimens  also  failed  without 
further  increase  of  load.  There  is 
therefore  reason  to  believe  that  creep 
occurs  relatively  rapidly  in  tension 
perpendicular  to  the  grain,  and  that 
the  time  required  to  produce  maxi¬ 
mum  set  is  relatively  short  in  terms  of 
the  total  drying  time  of  a  plank. 

A  point  of  considerable  interest  was 
whether  total  strain  in  tension  was 
affected  by  the  duration  of  loading.  In 
the  limited  number  of  tests  carried 
out,  the  maximum  strain  of  the 
specimens  tested  under  a  2-hour  dura¬ 
tion  of  load  was.  similar  to  that  of  the 
controls  which  were  loaded  at  a  con¬ 
stant  rate  to  failure.  It  was  also  found 
that  the  apparent  modulus  of  elasticity 
was  increased  when  loading  at  a  con¬ 
stant  rate  was  continued  after  the 
specimen  had  been  maintained  at  a 
constant  load  above  the  proportional 
limit. 

Figure  4  A  shows  the  increase  in 
modulus  of  elasticity  obtained  in  a 
specimen  which  was  loaded  and  un¬ 
loaded,  until  it  failed,  to  88  per  cent 
of  the  maximum  static  load  of  a 
closely  matched  control.  The  test  was 
carried  out  at  room  conditions  with 
the  specimen  at  6  per  cent  moisture 
content.  The  implication  from  this  is 
that  the  elastic  recovery  curve  will  be 
steeper  than  that  anticipated  from  the 
original  modulus  of  elasticity.  Thus, 
in  the  strip  technique  of  stress 
analysis,  the  stress  present  in  a  strip 
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Figure  4  A  and  B. — Effect  of  repetition  of  load  in  tension  perpendicular  to  the  grain  on  the  modulus  of 
elasticity  and  strain  behavior  of  beech  at  6  per  cent  moisture  content  and  80°  F. 


would  be  closer  to  the  maximum  stress 
of  the  material  than  would  be  pre¬ 
dicted  from  the  stress-strain  curve 
obtained  for  short  term  loadings. 

Figure  4  B  shows  the  strain  at  each 
successive  repetition  of  loading  plus 
the  cumulative  set  resulting  from 
previous  loadings.  It  is  seen  that  the 
total  strain  at  failure  closely  ap¬ 
proaches  that  of  the  statically  tested 
control.  It  is  therefore  suggested  that, 
although  maximum  strength  is  re¬ 
duced  by  increasing  the  duration  of 
loading,  maximum  strain  is  not  par¬ 
ticularly  affected.  The  total  strain  at 
any  stage  may  therefore  afford  an  in¬ 
dication  of  the  proximity  of  the 
specimen  to  failure,  irrespective  of  the 
duration  of  stress. 

Summar)’ 

1.  An  experimental  procedure  was 
described  for  determining  the  effect  of 
temperature  and  moisture  content 
upon  the  strength  variation  of  Ameri¬ 
can  beech  in  tension  perpendicular  to 
the  grain  in  a  tangential  direction. 

2.  Within  the  temperature  range  of 
80  to  160°  F,  and  moisture  content 
range  of  6  per  cent  to  the  green  con¬ 
dition,  the  following  was  established; 

i.  Maximum  stress,  modulus  of 
elasticity,  and  fiber  stress  at 
proportional  limit  decrease  with 
increased  temperature  and  mois¬ 
ture  content.  On  a  percentage 
basis,  modulus  of  elasticity  was 
most  affected  by  changes  in 
temperature  and  moisture  con¬ 
tent. 

ii.  Maximum  showed  a  linear  re¬ 
lationship  with  both  tempera¬ 
ture  and  moisture  content.  The 
maximum  temperature  effect  was 
found  at  18  percent  moisture 
content,  and  the  moisture  con¬ 
tent  effect  increased  at  higher 
temperatures.  Regression  equa¬ 
tions  of  maximum  stress  on 
temperature  for  various  mois¬ 
ture  contents  were  given. 


iii.  The  relationship  of  both  mod¬ 
ulus  of  elasticity  and  fiber  stress 
at  proportional  limit  to  tem¬ 
perature  was  predominantly  lin¬ 
ear,  but  significant  curvilinear 
effects  were  present.  With  both 
properties,  the  effect  of  tem¬ 
perature  appeared  least  for  the 
green  material.  Both  properties 
bore  a  curvilinear  relation  to 
moisture  content.  No  marked 
temperature  effect  on  moisture 
content  relation  was  apparent. 
Regression  equations  were  given 
for  both  properties  on  tempera¬ 
ture  at  the  nominal  moisture 
contents  of  test. 

iv.  Maximum  strain  at  6  per  cent 
moisture  content  was  markedly 
lower  than  that  obtained  at  the 
other  moisture  contents  involved 
in  these  tests.  Maximum  strain 
increased  in  a  predominantly 
linear  manner  with  temperature 
at  all  moisture  contents, 
although  increases  were  com¬ 
paratively  small. 

3.  An  interpretation  of  drying  be¬ 
havior  was  given  in  relation  to  the 
data  presented. 

4.  Limited  tests  on  the  effect  of 
duration  of  load  were  carried  out. 
Although  results  were  not  final,  ow¬ 
ing  to  the  limited  testing,  trends  were 
described,  and  the  modifying  influ¬ 
ence  of  these  trends  in  relation  to 
drying  stresses  were  discussed. 
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Discussion 

Roy  M.  Carter  (North  Carolina 
State  College) :  This  paper  indicates 
that  high  temperature  does  not  cause 
checking.  What  is  the  effect  of  high 
temperature  on  strength? 

Mr.  Ellwood:  There  is  a  decrease 
in  strength  due  to  temperature,  but 
there  is  an  inter  action  effect. 

H.  J.  M.  Jorgenson  (Jorgenson- 
Bcnnett  Manufacturing  Company) : 
The  fact  that  wood  (Beech)  loses 
strength  as  temperature  increases  does 
not  mean  that  the  loss  of  strength  is 
permanent  or  that  the  wood  dried  in 
such  a  manner  would  be  inferior. 

Mr.  Ellwood:  The  strength  loss 
which  is  incurred  is  not  permanent. 

John  M.  McMillen  (U.  S.  Forest 
Products  Laboratory) ;  Mr.  Ellwood  is 
to  be  complimented  for  the  fine  work 
done  on  this  paper.  The  Forest  Prod¬ 
ucts  Laboratory  is  presently  doing  work 
of  a  similar  nature  on  another  species, 
and  more  work  in  this  field  is  needed. 
Do  the  results  of  this  paper  indicate 
that  a  new  kiln  schedule  can  be  ap¬ 
plied  to  Beech? 

/Ur.  Ellwood:  Before  a  new  schedule 
can  be  determined,  the  creep  and  re¬ 
laxation  effects  must  be  measured.  We 
mu;t  know  what  happens  to  the  de- 
forinations  in  the  wood. 

/  >hn  Devine  (Moore  Dry  Kiln 
Co^npany)  :  Practical  experience  indi¬ 
cate  s  that  Beech  might  stand  much 
higoer  temperature  than  the  usual 
sch  dule.  It  dries  with  less  checking 
in  'he  kiln  than  in  air. 


STATISTICAL  METHODS 

(Continued  from  page  15) 

and  in  particular,  the  portion  of  the 
paper  possessing  brightness  outside 
the  band  he  is  accustomed  to  receiving. 

Conclusion 

This  paper  attempts  to  present  the 
steps  which  should  be  taken  in  formu¬ 
lating  a  modern  quality  control  pro¬ 
gram.  These  steps  involve  the  estab¬ 
lishment  of  (a)  significant  and  re¬ 
liable  quantitative  measures  of  prod¬ 
uct  quality,  (b)  realistic  specifications 
which  take  into  account  customer 
needs,  manufacturing  capabilities,  and 
costs,  (c)  a  raw  materials  inspection 
program,  (d)  a  system  of  controlling 
quality  during  the  manufacturing  op¬ 
erations,  (e)  a  technical  group  to  aid 
in  the  correction  and  improvement  of 
unsatisfactory  operations,  and  finally 
(f)  an  agency  independent  of  the 
Manufacturing  Department  to  meas¬ 
ure  and  report  to  top  management  the 
degree  to  which  the  finished  product 
is  meeting  customer  requirements.  The 
Forest  Products  Industries  will  find 
that  statistical  concepts  and  methods 
supply  valuable  and  often  necessary 
aids  in  the  development  of  a  quality 
control  program  to  meet  present  day 
needs. 
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Discussion 

E.  O.  Lieberg  (Wood  Conversion 
Co.) :  How  does  sampling  fit  into  this 
program? 

Dr.  Noble:  This  discussion  is  not 
all  inclusive  and  in  the  time  allotted, 
it  is  not  possible  to  cover  the  subject 
of  sampling  adequately.  Sampling  is 
often  troublesome  in  our  industry  and 
in  your  industry.  It  is  very  important  in 
statistical  work  to  obtain  unbiased  sam¬ 
ples.  For  example,  we  sample  paper  at 
the  end  of  the  roll  and  assume  that  we 
have  an  unbiased  sample.  The  success 
of  our  application  of  statistical  tech¬ 
niques  may  well  depend  upon  the  cor¬ 
rectness  of  this  assumption.  One  of 
the  difficulties  encountered  in  using 
statistics  is  that  they  are  frequently 
used  for  support  rather  than  for  illumi¬ 
nation.  The  literature  is  filled  with 
examples  in  which  carefully  applied 
statistical  methods  gave  erroneous  re¬ 
sults  because  of  improper  sampling. 
Statistical  tools  are  sharp  and  if  they 
are  to  be  used  successfully  they  must 
be  understood.  This  certainly  applies 
to  the  question  of  sampling. 


QUALITY  CONTROL 

(Continued  from  page  24) 

furniture  manufacturing,  that  these 
techniques  hold  great  promise  and  can 
bring  to  the  furniture  manufacturing 
industry  many  of  the  spectacular  qual¬ 
ity  improvements  and  cost  reductions 
they  have  brought  to  other  industries. 

Little  use  has  been  made  to  date  of 
the  statistical  quality  control  tools 
known  as  "C”  charts  and  "P”  charts 
except  as  a  guide  to  proper  location 

of  the  more  sensitive  X  and  R  charts 
in  machining  operations.  Undoubtedly 
they  will  be  used  more  frequently  as 
a  means  of  checking  the  general  qual¬ 
ity  level  in  various  production  cycles. 

The  problems  arising  in  the  con¬ 
templated  application  of  statistical 
quality  control  techniques  to  furniture 
finishing  offer  a  real  challenge  to  an 
imaginative  quality  control  engineer. 
Certainly  the  trend  towards  making 
furniture  finishing  a  science  rather 
than  an  art  holds  promise  in  reducing 
finishing  quality  characteristics  to 
measurable  quantities.  At  present,  the 
use  of  C  and  P  charts  would  seem  to 
be  the  most  logical  approach.  Consid¬ 
erable  thought  is  developing  toward 
techniques  to  take  the  emotion  out  of 
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visual  inspection  and  to  reduce  it  to  a 
scientific  endeavor.  Perhaps,  herein  lies 
the  answer. 

The  author  would  again  caution, 
that  in  contemplating  a  quality  control 
program  of  the  nature  described  here¬ 
in,  a  tremendous  amount  of  planning 
should  be  done,  before  such  a  pro¬ 
gram  is  launched.  Ways  and  means  of 
selling  the  quality  control  ideal  to  all 
facets  of  the  organization — from  top 
management  to  the  workers — must  be 
found.  A  proper  climate,  in  which  the 
quality  control  idea  can  thrive  must 
be  created.  Ways  and  means  must  be 
found  for  obtaining  prompt  and  effec¬ 
tive  action  from  all  operating  per¬ 
sonnel  when  quality  falls  off.  Quality 
Control  must,  finally,  be  more  than 
merely  another  staff  department  set 
up  to  hamper  the  production  depart¬ 
ments.  It  must  become  fully,  a  part  of 
their  thinking  and  their  creed! 
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Discussion 

Ross  Martin  (Sears  Roebuck) :  Do 
you  think  that  we  can  apply  statistical 
quality  control  to  finishing  operations 
unless  we  get  standardization  of  fin¬ 
ishing? 

Mr.  Calahan:  Yes,  we  can.  The  use 
of  ”p”  or  "c”  charts  is  valuable.  I  am 
looking  forward  to  the  time  when 
quantitative  measures  will  allow  the 

use  of  _  and  B°  charts  for  finish- 

X 

ing.  We  are  trying  a  de-merit  point 


system.  It  is  not  fully  developed  as  yet 
but  is  very  promising. 

Mr.  Latimer:  The  liquor  industry 
uses  a  very  ingenuous  method  of  pool¬ 
ing  opinions  of  various  people  in  a 
scientific  way  to  control  the  taste  of 
their  product. 

END  PRODUCT 

(Continued  from  page  27) 

Mr.  Ripley:  If  an  unapproved  glue 
is  used,  we  do  not  permit  the  use  of 
DFPA  grade  marks.  Our  method  of 
policing  all  quality  standards  is  bas.d 
upon  our  right  to  withdraw  use  of 
grade  marks. 

Mark  IF.  Deichman  (Taylor- 
Colquitt  Company) :  Would  not  a 
large  operation  find  it  more  advanta¬ 
geous  to  concentrate  on  producing  a 
quality  product  of  its  own  without  p  *r- 
ticipating  in  an  industry-wide  quality 
control  program? 

Mr.  Ripley:  The  large  operators  in 
the  Douglas  Fir  Plywood  Industry 
have  consistently  participated  in  t!ie 
industry-wide  quality  control  prograiii. 
They  apparently  feel  that  there  is  a 
sales  advantage  associated  with  mem¬ 
bership  in  the  plywood  association  and 
the  right  to  use  association  grade 
marks. 
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To  m«‘ot  AiiifnraV  neinU  forest  iH’fxliM'te  both  n*»w  amt  in  the  futtirr.  man 
am!  natuiT  work  t«>grther  mi  privately  (»wne<l  forestlamls  u*  gntw  timber  a»  a 
rontiniiinjf  rrop.  'Freea  harvesiet!  today  to  pr<»vide  lutiilier  for  buibting,  ptiip 
for  {>a|)er,  ami  raw  malrriala  for  other  vital  prmtuctM  are  l»eing  re(»ia(*etl  by 
new  trees  to  help  6up[4y  the  generatHaia  ahead  'I'his  is  tieinj:  done  thr«iu('h 
a  voluntary  systetii  (»f  industrial  ff>rest  roanagenumt  kmmn  as  tree  farming. 

(>i  the  Douglas  lir  tree  farm  Utiistrated  aiwive,  young  trees  are  thriving  <»n  * 
open,  sunlit  ground  whkh  the  tree  farmer  provided  hy  elear-<*ijlting  sele<*teil 
bloeks  of  timber.  Several  years  ago.  nature  brgan  growing  the  yming  forest 
fn»m  wiiid»<M*attered  seeds.  Iliese  seeds  ramr  fr»>m  bt<K*ks  of  trees  left  standing 
by  the  industrial  forester,  'f'he  new  forest  wtli  be  protei'ted  from  tir»*,  inse<'ts 
ami  disease  until  harveste<i ...  in  about  BO  to  100  years. 

Tc»day,  more  than  4400  [irivate  owners  operate  about  28  iiiillkm  aeres  as 
tree  farms  in  3.>  staU*s.  All  Vleyerliaeitser  Timber  ('onipany  hn'estUiids  are 
nianagetl  as  eertilied  tree  farms.  IT'rt^  us  tU  fkiX  -I.  TcKvima,  ft  tishinttftm  fttr 
your  free  copy  tf  our  colorful  htmiklet.  Tree  tarminpin  the  Pneijir  .\«»rfhiresl. 


Weyerhcieuser  Timber  Coiiipjiny 


Werm  fall  wtna«  wltt  •#•»!  Mm*  Daat***  WUStfw  pacMttaa  Wawty 

Ar  cafiM,  tcaswiaa  Miak  wtaf  <  %—4^  aatf  atttty  a#  aatarat  w—4  far  tafwiar 
an  harvMtaa  la«ia«  la  «raw  a  saw  faral.  pasaUrg  a«aa  la  batWIaf  ta^ay  «  fcaaiar- 


H'ofMf  it  one  of  the  notion's  most  roiifftMa  and  versaftir 
rate  materinf*.  Pmtpte  oiuf  radaalry  use  tntod  every  day 
ns  Utmbet^  ojmI  paper.  Jlben.  eJbemo'Ai*  ojtd  in  immy 

othe^  tear$.  To  nupfdy  this  marhet,  tmr  i  wmpoMy  is  aeuio 
»Mir  tress  and  ntnmu/arlmrinti  a  variety  afforest  products. 
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new  tree  mips  replare  the  old  on  tree  farms... 


National  opinion  surveys  indicate  that  the  public  does  not  know 
about  the  progress  being  made  in  industrial  forestry.  Weyerhaeuser 
Timber  Company  is  telling  part  of  the  story  in  a  series  of  national 
inigazine  advertisements  such  as  reproduced  above.  The  Company 
believes  that  all  who  are  engaged  in  industrial  forest  management 
should  tell  the  facts  about  tree  farming  at  every  opportunity. 


Aubrey  E.  Wylie  (New  York  State 
University)  :  On  the  average  what  pe¬ 
riod  of  time  elapses  between  the  glu¬ 
ing  operation  and  the  time  when  the 
report  on  laboratory  tests  is  received 
by  the  manufacturer? 

Mr.  Ripley:  We  do  not  pretend  to 
control  individual  lots.  Our  quality 
control  program  is  based  upon  process 
control.  We  try  to  control  spread,  glue 
mix,  veneer  quality,  etc.  If  the  quality 
of  a  particular  manufacturer  goes  down 
and  remains  down,  his  authority  to  use 
association  grade  marks  is  withdrawn. 

Stephen  Preston  (University  of 
Michigan) :  Is  any  attempt  made  by 
the  Douglas  Fir  Plywood  Association 
to  control  the  final  thickness  of  the 
face  veneers  of  panels  after  sampling? 

Mr.  Ripley:  Yes.  This  is  a  part  of 
the  grading  procedure.  Rough  sanding 
is  considered  to  be  a  defect. 

Mr.  Preston:  I  am  thinking  of  the 
final  thickness  of  face  veneers. 

Mr.  Ripley:  No,  there  is  no  specifi¬ 
cation  for  the  final  thickness  of  the 
face  veneer. 

SOME  APPLICATIONS 

(Continued  from  page  31) 
which  are  outside  of  the  control  limits 
either  on  the  high  or  low  side  may 
indicate  poor  selection  of  samples  or 
over  correction  in  the  operation  of  the 
kiln. 


Edward  P.  McMahon  (Nickey 
Bros. ) :  Why  was  it  decided  to  treat 
moisture  content  as  a  variable  in  the 
control  of  the  final  moisture  content  of 
kiln  dried  redwood. 

Mr.  Pratt:  From  a  given  number  of 
samples  you  can  get  more  information 
by  treating  moisture  content  as  a  varia¬ 
ble  than  you  can  by  treating  it  as  an 
attribute.  We  have  been  unable  to  find 
a  rapid  method  of  accurately  determin¬ 
ing  the  moisture  content  of  redwood. 
The  oven  method  is  usually  used.  This 
is  time  consuming,  costly  and  wasteful, 
and  accordingly  it  is  desirable  that  we 
obtain  the  maximum  information  from 
the  samples.  With  other  species,  where 
a  moisture  meter  will  work  better  than 
it  will  with  redwood,  an  attribute 
method  might  be  satisfactory. 

Mr.  McMahon  (Nickey  Bros., 
Inc.)  :  Has  your  association  made  any 
study  of  the  statistical  aspects  of  the 
sampling  problem  involved  in  select¬ 
ing  the  given  sample  boards  used  in 
operating  the  dry  kiln. 

Mr.  Pratt:  No.  We  have  tried  to 
segregate  redwood  into  two  categories, 
wood  which  is  less  than  100%  mois¬ 
ture  content  is  classified  as  light  and 
wood  which  is  more  than  100%  is 
classified  as  heavy.  Samples  are  selected 
from  the  slowest  drying  boards,  that 
is,  those  with  the  highest  moisture  con¬ 
tent.  These  boards  usually  have  a  high 


number  of  rings  per  inch  and  a  dark 
color  with  a  bluish  cast.  Dry  lumber 
is  not  hurt  by  a  mild  schedule.  Wet 
lumber  collapses  and  is  subject  to 
other  drying  defects  when  dried  on  a 
severe  schedule. 

William  S.  Delmhorst  (Delmhorst 
Instrument  Company) :  Where  we 
have  a  material  which  has  a  variation 
in  its  physical  characteristics  that  af¬ 
fects  the  final  condition  of  the  en^l 
product  and  a  process  that  will  also 
effect  the  final  condition  of  the  en  1 
product,  can  samples  be  taken  from 
certain  locations  be  used  as  randomize  1 
samples  for  quality  control? 

(Recorder’s  Note  to  Editor):  I  bi- 
lieve  that  what  Mr.  Delmhorst  is  ask¬ 
ing  is:  Two  variables  in  the  kiln  dry¬ 
ing  of  lumber.  The  moisture  contei  t 
of  the  wood  is  variable  and  the  kil  i 
is  not  uniform  in  its  .drying  charac¬ 
teristics  from  place  to  place.  Is  a  rai  - 
dom  selection  of  samples  under  the  * 
circumstances  appropriate? 

Mr.  Pratt:  We  try  to  eliminate  wh.;t 
variables  we  can  and  then  to  minimize 
the  effect  of  remaining  variables 
through  random  sampling. 

Dr.  Noble:  It  is  necessary  to  get  in¬ 
formation  on  the  nature  of  effects.  If 
variables  are  independent,  there  is  no 
problem;  if  they  are  dependent,  in¬ 
teractions  will  present  analytical  prob¬ 
lems.  If  you  draw  samples  at  random. 
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^HAPMA^ 

Chemicals  f 

or  the  lumber  industry 

PERMATOX  10$ 

For  controlling 
sapstain  and  mold  in 
green  lumber 

DOWICIDE  G 

For  preservative 
treatment  of  fibreboard  and 
insulating  materials 

WEED  KILLERS 

A  complete  line 
for  specific  control 

1  problems 

AMBRITE 

AMBROCIDE 

For  protecting  logs 
and  lumber  against  stain 
and  insects 

PENTA 

PRESERVATIVE 

For  preventing 
rot  and  insect  attack 

in  wood 

Write,  wire  or 
phone  for  literature, 
prices  and 
recommendations 

Chapman  Chemical  Company 

Memphis  1,  Tenn.  •  Distributors  of  Dowicides  for  The  Dow  Chemical  Co. 
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He’s  an  expert  on  precision  woodworking  ma 


chinery,  but  he’s  always  searching  for  new  ways 


of  improving  production  and  holding  down 


maintenance  costs.  He  knows  a  lot  of  important 


people  in  the  woodworking  industry,  but  he’s 


always  ready  to  spend  hours  helping  an  operator 


or  maintenance  man  learn  the  details  of  a  new 


machine. 


He’s  your  Diehl  Representative — YOUR  SPE¬ 
CIALIST  IN  PROFITABLE  WOODWORK- 
ING  —  and  you’ll  find  him  as  congenial  as  he 
is  dependable.  If  you  have  a  production  problem, 
why  not  contact  him.^ 


Standard  of  Comparison  in  the  Woodworking  Industry 


Exclusive 

Representatives 

Serving 

The  Woodworking 
Industry 

NEW  ENGLAND 

William  H.  Field  Company 
Boston  27,  Massachusetts 
MIDDLE  ATLANTIC 
Hermance  Machine  Company 
Williamsport,  Pennsylvania 
Warren  Ricketts  &  Son  Company 
Jamestown,  New  York 
B.  M.  Root  Company 
York,  Pennsylvania 
H.  C.  Whitlock  Corp. 

New  York  1,  New  York 

EAST  NO.  CENTRAL 
A.  L  Fader  &  Company 
Chicago  6,  Illinois 
Monical  Machinery  Company 
Grand  Rapids,  Michigan 
Evan  Kroll 
Peru,  Indiana 

John  O.  Schulte  &  Son  Company 
Cincinnati  2,  Ohio 

SOUTH  ATLANTIC 
Brooks  Machinery  Company 
Martinsville,  Virginia 
W.  P.  Childs  Machinery  Company 
Atlanta  1,  Georgia 
Snyder  Brothers  Company 
Toccoa,  Georgia 
Garrison  Machinery  Company 
Statesville,  North  Carolina 
Norment  &  Lambert,  Inc. 

Greensboro,  North  Carolina 
Lenoir,  North  Carolina 

EAST  SO.  CENTRAL 
Burton  Franklin  Company 
Chattanooga  5,  Tennessee 
Memphis  Machinery  &  Supply  Co. 
Memphis  1,  Tennessee 

WEST  SO.  CENTRAL 
Tri-State  Machinery  Company 
Dallas,  Texas 
PACIFIC 

Frank  E.  Jones  Machinery  Corp. 

Los  Angeles  21,  California 
Rowney  Machinery  Company 
Oakland  12,  California 
Star  Machinery  Company 
Seattle  4,  Washington 
Spokane,  Washington 
Portland  4,  Oregon 
CANADA 

The  Preston  Woodworking  Machinery 
Co.,  Ltd. 

Vancouver  •  Montreal 
Winnipeg  •  St.  John  Preston 

EXPORT 

Engis  Equipment  Company 
Chicago  5,  Illinois 


gl 

MACHINE  WORKS,  INC 


WABASH,  INDIANA  •  U.  S.  A. 
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you  won’t  make  mistakes  but  your  con¬ 
trol  limits  may  be  very  wide. 

Mr.  Delmhorst:  Can  samples  taken 
from  the  same  location  in  successive 
operations  of  the  same  places  be  used 
to  indicate  faulty  operations  of  the 
process? 

Dr,  Noble:  If  you  want  to  get  your 
variability  within  a  charge,  you  should 
take  a  random  sample  until  you  know 
what  pattern  of  variation  is  present. 
When  you  know  the  pattern  of  varia¬ 
tion,  you  are  now  in  a  position  to  use 
stratified  sampling  techniques. 

John  McMillen  (U.  S.  Forest  Prod¬ 
ucts  Laboratory) :  There  are  two  rea¬ 
sons  for  sampling  in  lumber  drying: 
1.  To  control  the  drying  operation.  2. 
To  see  if  the  results  are  good.  For  the 
latter  random  sampling  is  appropriate. 
For  the  former  the  Forest  Products 
Laboratory  recommends  selection  of  an 
adequate  number  of  kiln  samples  from 
the  slowest  drying  material  plus  a  few 
from  the  fastest  drying  material.  The 
kiln  schedule  is  followed  on  the  basis 
of  the  average  moisture  content  of  the 
wettest  half  of  the  slowest  drying  sam¬ 
ples.  Towards  the  end  of  the  drying 
the  kiln  conditions  are  adjusted  to  stop 
drying  of  the  driest  material  at  a  mois¬ 
ture  content  somewhat  below  the  de¬ 
sired  lower  limit.  The  wettest  material 
continues  to  dry  to  slightly  below  the 


upper  limit.  Surface  and  average  mois¬ 
ture  content  can  then  be  brought  up, 
as  well  as  casehardening  relieved,  by  a 
conditioning  treatment.  Thus  the  dry¬ 
ing  process  is  capable  of  modification 
to  bring  the  moisture  content  of  all 
the  material  within  desired  control  lim¬ 
its.  It  may  be  more  practical  in  some 
cases  to  do  this  by  lengthening  the  last 
drying  step,  rather  than  by  prolonging 
the  equalization,  as  was  indicated  by 
Mr.  Pratt. 


PRODUCTION  GLUING 

(Continued  from  page  34) 

The  higher  labor  cost  of  $25  per 
day  for  Parenthetical  is  saved  many 
times  over  by  the  advantage  of  $218 
in  glue  cost,  $24  in  cross-banding, 
$150  in  low  rejects.  The  total  of 
approximately  $400  a  day  saved  by 
proper  attention  to  the  job  may  not 
appear  large  compared  to  the  $15,000 
ex-factory  value  of  the  panels  but 
it  comes  to  $100,000  a  year  which 
could  be  a  large  share  of  the  com¬ 
pany’s  profit.  'The  value  of  the  in¬ 
tangibles  such  as  uniformity  and  re¬ 
liability  are  hard  to  measure  but 
considerable. 

Discussion 

G.  A.  Seidel  (Splicedwood  Corp.)  : 
We  question  value  of  using  our  own 


catalyst  system  because  of  chance  of 
foreman  getting  wrong  materials. 

Mr.  Casselman:  Glue  companies 
don’t  accept  responsibility  for  their’s 
either. 

Mr.  Seidel:  How  do  you  measure 
pot  life? 

Mr.  Casselman:  By  water  bath.  One 
sample  goes  to  foreman;  one  to 
laboratory.  Sample  taken  every  40 
minutes. 

Mr.  Seidel:  If  catalyst  is  more  flex¬ 
ible,  why  short  time? 

Mr.  Casselman:  Found  ready  mix 
problem,  brings  problem  of  nor.- 
uniform  product. 

Mr.  Seidel:  Can  you  depend  on  a 
foreman  to  control  spread,  amount  ct 
catalyst? 

Mr.  Casselman:  Foreman  should 
have  assistant  to  check  details. 

Mr.  Seidel:  The  man  checking 
should  be  independent  of  the  crew. 

Henry  Espel  (Baldwin  Co.) :  Wl;  t 
is  effect  of  catalyst  on  core  penetr  ■- 
tion? 

Mr.  Casselman:  We’ve  never  found 
any  difficulty  in  adding  extender, 

B.  C.  Williams  (Norfolk  Naval 
Shipyard) :  I  agree  with  Mr.  Seidi  1 
about  checks  by  weight  and  the  use  of 
foreman  for  checking.  Pot  life  goes  to 


SYNCO  H-F 
ADHESIVES 
FOR  TOP 
PERFORMANCE 


SYNCO  RESINS  unexcelled  for  electronic 
gluing  give:  Durable,  Waterproof  Bonds 
•  Faster  Production  Cycles  • 

Low  Cost  •  Easy  Handling 


Bonding  A  Roof  Member  of 
the  Unishelter  Home  With 
SYNCO  H-F  Adhesive  at 
the  Pressed  Steel  Car  Com¬ 
pany's  plant,  Chicago, 
Illinois. 


Photograph  courtesy  of  Electrified  Industry  Magazine 


for  literature  write: 

Technical  Dept.,  Snyder  Chemical  Carp.,  Bethel,  Conn. 


DESIGNED  FOR:  Edge  Gluing  • 
Selective  Heating  • 

Mass  and  Stray  Field  Heating 


SNYDER  CHEMICAL  CORP. 


SYNCO  ADHESIVES,  BEATER  ADDITIVES.  AND  IMPREGNATING  RESINS  ARE  DEVELOPED  ESPECIALLY  FOR  THE  FOREST  PRODUCTS  INDUSTRIES 
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Into  MURCO  wastewood  chippers  go  the  experience  of  more  than  30  years  of 
designing  and  manufacturing  chippers  that  have  proven  successful  all  over  the 
United  States  and  many  foreign  countries  .  .  .  today  D.  J.  Murray  Manufacturing 
Company  is  considered  a  leader  of  chipper  develop* 
ments  and  modern  design.  ^ 


The  most  flexible  versatile  chipper  design  today  \ 
available  to  pulp  producers.  ' 

Economically  priced. 

Simply  constructed  .  .  .  few  parts  to  maintain. 

High  production  .  .  .  quality  chips  from  either 
sawmill  waste,  round  wood  or  veneer  cores. 

Quality  chips  obtained  through  more  than  8  knives 
to  the  disc  revolving  at  high  speed  .  .  .  small 
percentage  of  rejects. 

Direct  connected  to  motor  or  "V">Belt  driven. 

Blower  housing  can  be  furnished  for  pneumatically 
conveying  chips,  if  required. 

Compact  —  small  floor  space  required. 

Made  in  sixes  to  meet  your  mill  requirements. 


fT 


»  Cear»«*9* 


de««r 


lorrt*'***® 


journal  of  FPRS 


215 


“pot”  while  you’re  making  your 
checks.  In  long  timbers  you  get  an  un¬ 
even  spread  which  makes  you  ques¬ 
tion  the  value  of  sample  checks.  On 
day  after  runs  are  checks  necessary.^ 

Mr.  Casselman:  Don’t  stop  opera¬ 
tions  during  check  period.  But  you 
learn  with  check  whether  you  need  to 
keep  bale  under  pressure  longer.  Also 
test  bale  after  it  comes  from  press. 
You  can’t  depend  on  inertness  with 
urea  glues. 

Mr.  Have  found  test  not 

worth  it.  Do  you  have  trouble  with 
viscosity  of  glue,  especially  with  glue 
failing  to  fall  on  the  rolls  fast  enough 
for  a  good  spread? 

Mr.  Casselman:  Use  an  aluminum 
cup  with  hole  and  check  time  for  glue 
to  run  through  as  rough  check. 

Mr.  Williams:  I  think  it  would  be 
better  to  package  excelerator  and  glue 
in  double  can. 

Mr.  Casselman:  The  problem  is 
less  with  liquid  resin  than  with  solid. 

E.  A.  Patton  (Curtis  Cos.,  Inc.): 
Do  you  require  your  glue  room  people 
to  turn  in  records  of  glue  spread  in 


order  to  insure  their  proper  attention 
to  the  matter. 

Mr.  Casselman:  Yes. 

Robert  Hiller  (American  Cyanam- 
ide) :  I  do  not  agree  with  the  sugges¬ 
tion  that  the  user  resin-catalyst  sys¬ 
tem.  Various  systems  are  carefully 
worked  by  the  resin  manufacturer  to 
give  best  results  and  should  give  best 
results  when  products  designed  to 
work  together  are  used.  On  hardness 
of  jell,  does  that  determine  quality  of 
bond? 

Mr.  Casselman:  Best  to  watch  trim 
samples  to  keep  track  of  trim  time. 

Mr.  Hiller:  Resin  can  have  soft 
jell  at  one  point  and  still  give  good 
bond. 

M.  L.  Newton  (Sylvania  Electric) : 
How  about  moisture  content  in  cross 
banding.  Important?  Should  it  be  kept 
to  6%? 

Mr.  Casselman:  Variation  is  pos¬ 
sible.  Drier  veneers  make  for  better 
spread. 

Mr.  Newton:  In  cabinet  work  after 
30  days  we  can  see  results  of  high 
moisture  content. 


Mr.  Casselman:  How  does  it  show? 

Mr.  Newton:  Knots  may  show 
through  in  30  days. 

Mr.  Casselman :  We  condition 
doors,  which  aren’t  as  critical  as  your 
products. 

George  Elliott  (Rohm  and  Haas 
Co.) :  I’d  like  to  emphasize  my  feel 
ing  that  catalysts  designed  for  indi 
vidual  manufacturers  glue  are  better 
technically  than  using  ammonium 
chloride  with  all.  You  are  certainl;, 
not  getting  the  most  from  each  manu 
facturers  product. 

You  verified  the  truth  of  this  state 
ment  when  you  said  that  on  special  o 
tougher  jobs,  the  glue  manufacturer 
should  be  contacted.  As  to  technical 
control,  it  is  my  firm  belief  that  con¬ 
trol  testing  should  be  done  by  a  di 
interested  person,  and  by  that  I  meai  , 
a  person  not  responsible  to  the  pre- 
duction  foreman  because  these  tes;r 
will  always  be  colored  in  favor  c? 
production  department.  Quality  coi  - 
trol  should  be  responsible  to  manage¬ 
ment,  i.e.  superintendent. 
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CONCENTRATION 


on  design  and  manufacture 

of  CONTINUOUS  DRYERS 


8  Lm«  Got  Fir«d  Coe 
Fibreboard  Dryer 


Wet  end  10  section,  4 
line,  12  ft.  roll  Model 
48  Coe  Veneer  Dryer. 


Coe  Dryers,  in  their  present  form, 
are  the  result  of  more  than  50  years 
of  specialization.  The  original  Coe 
Dryer  was  built  and  sold  in  1902. 

Dryers  are  available  in  sizes  and 
types  for  all  needs,  for  drying  fibre- 
boards  and  veneers.  They  are  rated 
conservatively  and  sold  on  a  guar¬ 


anteed  performance  basis.  Almost  with¬ 
out  exception,  performance  has  ex¬ 
ceeded  the  guarantee. 

Our  engineering  and  research 
departments  are  always  willing  and 
anxious  to  cooperate  in  the  devel¬ 
opment  of  drying  procesess  for  new 
wood  products. 
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BONDING  METALS 

(Continued  from  page  43) 

(6)  - :  Military  Specification, 

MIL-A-927;  Adhesive;  Syn¬ 
thetic  Resin  (For  Phenolic 
Laminates) 

(7)  - ;  Military  Specification, 

MIL-A-928;  Adhesive;  Syn¬ 
thetic  Resin  (for  Clad  Alumi¬ 
num  Alloy  to  Wood) . 

(8)  De  Bruyne,  N.  A.:  The  Physics 
of  Adhesion,  1947,  J.  Sci.  Inst. 

(9)  De  Bruyne,  N.  A.:  Redux  in 
Aircraft,  1953,  Ciba  Co.,  Inc. 

(10)  De  Bruyne,  N.  A.  and  Hou- 
wink,  R:  Adhesion  and  Adhe¬ 
sives,  1951,  Elsevier  Publishing 
Co. 

(11)  Biddle,  A.:  U.  S.  Patents 
1,607,585  (Nov.  16,  1926)  and 
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Discussion 

Richard  Blomquist  (Forest  Products 
Laboratory) :  Metal  is  a  problem  to 
clean  for  gluing.  Do  metal  people 
supply  metal  with  prime  sheet? 

Mr.  Tigelaar:  Expensive  but  good 
if  done. 

Mr.  Blomquist:  It  might  mean  less 
end  cost. 

Mr.  Tigelaar:  Zinc  coated  steel 
gives  good  bond;  also  for  painiing. 

K.  L.  West  (West  Fabrication 
Laboratory) ;  Can  you  give  different 
types  and  methods  in  cleaning 
methods? 

Mr.  Tigelaar:  (Please  fill  in  meth¬ 
ods.) 

Mr.  West:  Metal  men  wouldn’t  do 
the  cleaning  job. 

Mr.  Blomquist:  USFPL  Bulletin 
1813  A  gives  some  chemical  methods 
for  cleaning.  Acid  is  better  where 
there  is  corrosion. 

Mr.  Casselman:  What  are  limita¬ 
tions  for  gluing  aluminum  to  wood? 

Mr.  Tigelaar:  Very  relative  depend¬ 
ing  on  moisture  of  wood — as  tempera¬ 


ture  goes  up  there  is  more  warpage 
unless  flexible  adhesive  is  used  to  take 
stresses. 

Mr.  Blomquist:  Could  cool  under 
pressure. 

Mr.  Tigelaar:  Stresses  still  exist. 

Wayne  Hutchins  (Baker  Furni¬ 
ture)  :  Can  brass  be  cleaned  for 
gluing? 

Mr,  Tigelaar:  Can  be  done  well.  L 
done  frequently  in  auto  trade. 

AMINO  RESIN 

(Continued  from  page  49) 

M.  M.  Selbo:  Comment  on  gap 
filling  phenolic  resins  for  ply  cor^ 
doors  glued  in  one  step. 

Detwiler:  This  is  being  done  usine 
ureas,  but  to  the  best  of  my  knowledge 
it  is  not  being  done  with  phenolic^. 
However  there  is  no  technical  reason 
why  it  couldn’t  be  done. 

John  Lewis  (Hercules  Powder  Co.) 
A  recent  paper  mentioned  that  urc.i 
resins  could  be  cured  at  alkaline  pH 
We  have  been  unable  to  duplicate  this 
work  satisfactorily.  Would  you  car 
to  comment? 

Detwiler:  I  have  seen  this  but  have 
not  tried  to  duplicate  it.  I  would  not 
expect  good  wood  bonds  using  al 
kaline  cured  urea  resins. 


HARSHAW  WOOD  PRESERVATIVE  INGREDIEHTS 

COPPER  NAPHTHENATE  LIQUID  8% 


Description  ....  Clear  green  liquid 

Copper  content .  8% 

Solid  copper  nophthenote  content  72% 
Solvent  content . 28% 


Viscosity . 1 3.0  poises 

Specific  Gravity  ....  1.02 

Pounds  per  gallon  .  .  .  8.5 

Gallons  per  pound  ...  0.118 


Conforms  to  Notional  Bureau  of  Standards'  Commercial  Standard  CS  152-48 
(Sept.  25,  1948)  "Copper  Naphthenate  Wood  Preservative”  concentrated  type. 

If  you  need  Copper  Naphthenate  Liquid  of  any  special  concentration,  Harshaw  can 
quickly  manufacture  it  for  you.  For  prompt  service  send  your  order  to  the  nearest 
Harshaw  branch  sales  office. 


THc  harshaw  chemical  CO. 

1945  East  97th  Street,  Cleveland  6,  Ohio 
BRANCHES  IN  PRINCIPAL  CITIES 


Cleveland  •  Chicago  •  Cincinnati  •  Detroit  •  Houston  *  Lot  Angeles  •  New  York  •  Philadelphia  •  Pittsburgh 
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The  MOORE  Chain-Arm  STACKER 

For  Kilo  Loads  — For  Solid  or  Sthkered  Patkages 


dc  Random  length  or  width  boards — edged  or  unedged — thick  or 
thin — trimmed  or  untrimmed 

Automatically  spaces  boards  or  stacks  tight  edge-to- 
edge  by  shifting  a  single  lever 

Flexible  output— can  stack  40,000  to  60,000 
bd.  ft.  per  day  with  2-man  crew — more 
with  larger  crew  for  peak  production  or  to 
reduce  bottlenecks 

Drag-back  friction  eliminated  by  unique 
Chain-Arm  design — uniform  board  spacing 
maintained 


Unload  from  Box  Car  to 
Moore  Stacker 

Save  on  stacking  costs  by  unloading  lumber 
direct  from  box  car  to  conveyor  belt  to  Moore 
Stacker.  Layout  at  Lester  Piano  Mfg.  Go., 
Lester,  Pa.,  pictured  at  left. 

Moore  Lumber  Stackers  have  many  cost¬ 
saving  advantages.  Let  us  show  how  they  can 
reduce  your  costs — use  the  coupon  below: 


- ^ 

Mills  Are  Saving 

The  Stacker  Cost 
In  Less  Than  2  Years — 
Why  Don’t  You? 

Fill  in  coupon — Mail  today! 
- - ^ 


Moore  Dry  Kiln  Co. 

Box  4248,  Jacksonville  1,  Fla. 

I  am  interested  in  a  Moore  Stacker  for 

□  kiln  loads  □  packages 

□  Send  me  Bulletin  5305  describing  Moore  Stacker- 
Drying— Unstacker  Systems. 

Name _ 

Company _ 

Street _ 


i  City _  State _  I 

i _ i 
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G.  A.  Seidel  (Splicewood)  :  By  what 
method  does  the  fast  clamping  urea 
resin  work? 

Detwiler:  The  vinyl  portion  grabs 
at  once  and  holds  until  the  urea  resin 
has  a  chance  to  cure. 

A.  R.  Tegge,  Jr.  (Quartermaster 
Container  Laboratories)  :  Do  the  emul¬ 
sion-urea  resin  blends  or  the  emulsion 
type  adhesives  have  favorable  gap¬ 
filling  properties? 

Detwiler:  No  they  do  not. 

G.  C.  Elliott  (Rohm  and  Haas) : 
Please  compare  anionic  ureas,  cationic 
ureas,  and  cationic  melamine  wet 
strength  resins  as  to  retention  of  the 
resin  in  paper  pulp  and  as  to  strength. 

Detwiler:  Retentions  are  in  the  fol¬ 
lowing  ranges:  Melamine  acid  colloid 
65-95%,  anionic  urea  30-60%,  ca¬ 
tionic  urea  45-75%.  The  wet  strength 
varies  with  a  number  of  factors,  but 
in  general  it  is  20  to  50%  of  the  dry 
strength. 

£.  A.  Patton  (Curtis  Cos.,  Inc.) : 
What  factors  influence  the  trans¬ 
parency  of  overlays  in  decorative 
laminates? 

Detwiler:  We  believe  the  most  im¬ 
portant  factor  is  the  difference  in 
refractive  index  between  the  resin  and 
any  other  material  present.  It  follows, 
therefore,  that  anything  that  reduces 
this  difference  in  refractive  index  will 
improve  transparency.  Some  important 


factors  are:  very  good  impregnation, 
so  entrapped  air  is  held  to  a  minimum; 
overlay  made  of  synthetic  fibers  hav¬ 
ing  a  refractive  index  that  is  close  to 
that  of  the  resin,  use  of  optimum  resin 
content  in  the  overlay. 

£.  A.  Patton:  How  does  cure  in¬ 
fluence  crazing  of  melamine  overlay? 

Detwiler:  Crazing  of  the  melamine 
overlay  has  been  traced  to  a  number 
of  causes.  One  of  the  most  easily 
recognized  and  corrected  is  overcure. 
High  volatility  prior  to  cure  is  the 
most  common  cause  of  crazing  in 
melamine  overlays,  so  I  would  check 
this  before  I  would  look  for  overcure. 


DURABILITY 

(Continued  from  page  37) 

Mr.  Selbo:  The  stresses  will  vary  as 
the  moisture  content  varies.  Through¬ 
out  the  exposure  cycles  the  joints  or 
part  of  the  joints  may  be  subjected 
alternately  to  tensile  strength  or  shear¬ 
ing  stresses  or  a  combination  of  both 
depending  on  whether  the  wood  is 
shrinking  or  swelling. 

Ralph  Casselman  (Paine  Lumber 
Co.):  How  about  mechanical  fasten¬ 
ings? 

Mr.  Blomquist:  Design  of  the  joint 
determines  whether  to  use  to  glue.  We 
need  better  designed  joints. 


John  Reno  (Pacific  Lumber  Co.) : 
Why  the  low  values  on  block  joints? 

Mr.  Selbo:  You  have,  in  effect,  cross 
banded  lumber  in  this  joint,  with  re¬ 
sulting  high  stresses.  Swelling  and 
shrinking  stresses  would  be  very  high 
in  the  block  joints. 

Mr.  Snider:  How  would  variation  in 
clearances  between  dowel  and  mortise 
and  tennon  joints  affect  results? 

Mr.  Selbo:  The  clearances  between 
the  pin  and  hole  was  about  the  same 
for  both  types  of  joints. 

L.  Spiwak  (Snyder  Chemical 
Corp.)  :  In  consideration  of  the  differ¬ 
ent  conditions  present  in  each  type  of 
joint,  especially  as  regards  grain  direc¬ 
tion,  were  the  adhesives  specially 
formulated  as  to  obtain  optimum  per¬ 
formance  for  each  type  of  joint?  If 
not,  to  what  extent  would  such  modi¬ 
fications  of  the  glue  formulations  affect 
the  test  results? 

Mr.  Selbo:  I  cannot  say  to  what  de¬ 
gree  but  it  is  entirely  possible  results 
could  be  affected  to  some  degree. 


MESQUITE 

(Continued  from  page  71) 
wafers  are  trimmed  on  the  edges  into 
various  patterns  by  the  use  of  a  clev¬ 
erly-designed  machine.  This  block 
flooring  may  be  laid  quickly  and  eco¬ 
nomically  in  mastic  over  concrete 


One-Mnn  Openthn  of  Pry  KHo  Poors 

DOOR  CARRIER 


** Famous  the  world  over  since  1904' 


.  .  .  makes  removing  and  replacing 
kiln  doors  a  simple,  one-man  job  re¬ 
quiring  only  a  few  seconds !  This  fast, 
efficient  method  also  helps  save  your 
doors— hy  supporting  the  weight  uni¬ 
formly  to  eliminate  stresses  and 
strains,  and  gentle  (though  speedy) 
handling.  There’s  a  Universal  Carrier 
to  handle  any  size  and  weight  of  door 
with  ease.  Let  us  show  you  how  to 
reduce  your  heavy  doors  to  feather¬ 
weights  ! 


D 

1117  Cornell 


OOR 

Avenue  • 


CARRIER,  INC. 

Indianapolis  2,  Indiana 


f 

! 


i 
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YOU’RE  AlWAYS  AHEAD 
WIYH 


THE  Qaality  Home  in  Dry  Kilns 


ABOVE;  Aerial  view  of  Chester  B.  Stem,  Inc., 
New  Albany,  Indiana,  manufacturers  of  ve¬ 
neers  and  lumber.  BEIOW:  Photograph  of 
the  firm's  package-type  STANDARD  DRY 
KILN  installation.  The  firm's  president  writes: 
"We  are  glad  to  report  we  have  had  very 
satisfactory  service  from  our  STANDARD 
kilns.  So  much  so  that  we  are  now  ordering 
a  third  and  larger  kiln  from  you." 


OTHER  FAMOUS 
STANDARD  PRODUCTS 

Dry  Kiln  Door 
Dryer  Door 

Green  Lumber  Slacker 
Lumber  Hoist 
Trucks 

Moisture  Registers 
Complete  Testing  Equipment 


Write  for  free,  illustrated 
Standard  Catalog 


•  Operators  throughout  the  woodworking 
industry  agree  Standard  Dry  Kilns  increase 
output,  virtually  eliminate  waste,  and  assure  uni¬ 
form  quality,  load  after  load.  Why  is  this  so.’ 
Because  with  Standard’s  exclusive  direct-driven 
fan  operation  and  precision  control  of  heat,  hu¬ 
midity,  and  ventilation,  there’s  no  guesswork 
involved. 

For  a  new  kiln,  a  full  battery  of  kilns,  or  if  you 
want  to  bring  your  old  natural  draft  installations 
up  to  modern,  money-making  par,  consult  a  skilled 
Standard  engineer.  Remember,  you’re  always 
ahead  with  Standard! 


ryi(€inu^a€)iiti«tA  CfCi/n^ 


P.  0.  BOX  5708  .  INDIANAPOLIS;  INDIANA 
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floors.  Checking  of  these  cross-section 
blocks  upno  seasoning  does  not  present 
any  problem  because  of  the  small  dif¬ 
ference  between  radial  and  tangential 
shrinkage.  Shake  occurring  across  the 
center  of  the  cross-sections  may  be 
filled  in  during  finishing.  This  defect 
might  possibly  be  used  to  advantage 
through  "romancing”  the  wood  in  ap¬ 
plied  sales  psychology  (Fig.  8). 

Furniture,  novelties,  etc.:  Mes¬ 
quite  wood  may  be  used  to  make 
furniture,  picture  frames,  ash  trays, 
pipe  bowls  and  various  novelties.  In¬ 
asmuch  as  sawlogs  are  limited  in  avail¬ 
ability,  there  is  little  opportunity  to 
use  mesquite  for  such  items  as  furni¬ 
ture.  Small  novelty  industries  might  be 
developed  using  mesquite  wood. 

During  World  War  II,  mesquite 
wood  was  tested  for  shuttle  block 
material  for  use  in  the  textile  indus¬ 
try  as  a  possible  substitute  for  dog¬ 
wood  and  persimmon.  However,  mes¬ 
quite  wood  appeared  to  be  unsatisfac¬ 
tory  for  such  use. 

Conclusions 

With  respect  to  the  various  mes¬ 
quite  utilization  possibilities  as  dis¬ 
cussed  in  this  paper  and  at  the  same 
time  recognizing  the  limited  research 
on  the  subject  to  date,  there  are  two 


products  which  appear  to  offer  some 
commercial  possibilities.  These  are: 
(1)  charcoal  and  (2)  block  flooring. 
In  addition,  a  hardboard  produced 
from  the  whole  tree  by  a  semi-wet 
process  appears  worthy  of  further  ex¬ 
ploration. 

Mesquite  charcoal  is  of  good  qual¬ 
ity  and  appears  suitable  for  use  in 
charcoal  grills  as  well  as  in  the  manu¬ 
facture  of  steel. 

Hexagon  and  other  shapes  of  mes¬ 
quite  block  flooring  capable  of  being 
produced  by  mass  production  methods 
from  bolts  four  to  eight  inches  in  dia¬ 
meter  holds  promise  for  extended  use 
as  a  serviceable  coverihg  for  concrete 
slab  floors.  Modern  architecture  with 
its  emphasis  on  low  one-story  homes 
has  swung  to  extensive  use  of  concrete 
slab  floors  resting  directly  on  the 
ground.  This  opens  a  possible  market 
for  mesquite  block  flooring. 

Hardboard  may  be  produced  from 
the  whole  tree  at  low  cost.  Land  clear¬ 
ing  equipment  now  in  use  bunches  the 
tree  and  shrub  forms  for  burning.  In¬ 
stead  of  burning,  portable  chippers 
may  reduce  this  material  for  use  in 
the  manufacture  of  a  suitable  hard¬ 
board  for  interior  use — such  as  closet 
linings  and  garage  ceilings. 


Discussion 

F.  B.  Volkenhig  (Dow  Chemical 
Co.,  Freeport,  Texas) :  What  is  .the 
difference  between  Mesquite  and 
Huisache? 

Mr.  Marshall :  They  are  two  en¬ 
tirely  separate  species.  I  do  not  have 
any  data  on  the  properties  of 
Huisache. 

Russell  K.  Hallberg  (Bowaters 
Southern  Paper  Corp.,  Kingston, 
Tenn.) :  What  is  the  growth  rate  of 
mesquite.^ 

Mr  Marshall:  It  varies  considerably 
and  it  is  sometimes  very  difficult  to 
count  the  growth  rings.  It  will  grow 
as  much  as  1/10  inch  per  year  in 
radius  under  favorable  conditions 
Past  records  indicate  that  some  trees 
have  reached  3  feet  in  diameter  and 
80  feet  in  height.  One  tree  that  1 
know  of  was  10  inches  in  diameter  a 
104  years  of  age.  Over  most  of  th^ 
mesquite  range,  however,  both  diam 
eter  and  height  growth  are  of  slov. 
rate. 

IF.  L.  Meek  (University  of  II 
linois) :  Is  gum  produced  and  col 
lected  from  Mesquite? 

Mr.  Marshall:  Some  gum  has  been 
produced  but  I  do  not  know  of  any¬ 
one  now  collecting  it  commercially.  It 
can  be  used  for  pharmaceutical  and 
other  purposes. 


SEALED  INSULATION 


Insulating  Interior  Finish 


TUFFLEX 

CUSHION  PADDING 


. . .  products  from  wood  fiber  with 
millions  of  satisfied  customers. 
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Photo  of  press  courtesy  of  Blair-Vermont  Plywood  Co, 

. . .  produces  more  panels  per  shift ! 


Casco -Resin  5h  cures  faster 
without  sacrifice  of  pot  life  or 
assembly  time  .  .  .  knocks  costly 
minutes  olf  hot-  or  cold-press  cur¬ 
ing  cycles.  Many  plywood  and 
panel  makers  have  switched  to 
Casco -Resin  5h  for  this  one 
reason  alone.  But  that’s  only  one 
of  the  advantages  of  this  new 
Borden  urea  resin  glue. 

Casco-Resin  5h  also  ends 
summer  glue-storage  problems  be- 
.^ause  it  stores  over  six  months  at 
S0°  F . . .  over  3 1/2  months  at  90°. 
It’s  a  high  solids  resin  that  saves 
borage  space  in  drums  or  tanks. 


It  up-grades  your  products  with 
better  water-resistance,  particu¬ 
larly  when  extended  with  wheat 
flour.  It’s  versatile,  can  be  used  for 
every  type  of  urea  resin  gluing — 
hot-press,  cold-press,  R/F  heating 
or  continuous  hot-plate  edge-glu¬ 
ing  machines.  Shortens  clean-up, 
because  it’s  highly  water  miscible. 


flushes  quickly  from  equipment. 

Borden  service  men  are  demon¬ 
strating  these  advantages  every 
day.  Why  not  let  them  prove  it  in 
your  plant?  Just  write  or  call  and 
we’ll  set  up  a  date.  Address:  The 
Borden  Company,  Chemical  Div¬ 
ision,  Dept.  RP-123  350  Madison 
Avenue,  New  York  17,  N.  Y.  e.3.3 


INDUSTRIAL  ADHESIVES  DEPARTMENT 

THE  BORDEN  COMPANY 

Chemical  Division 
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DESIGN  DATA 

(Continued  from  page  94) 

mens.  Is  this  difference  characteristic 
of  both  cylinder  and  fourdrinier 
boards.^ 

Mr.  Kellicutt:  Yes,  this  directional 
difference  is  apparent  in  both  types 
of  board  but  it  is  most  pronounced  in 
cylinder  boards. 

Ross  V.  Martin  (Sears  Roebuck  & 
Company,  Chicago  7,  Illinois) :  Are 
the  moisture-strength  and  moisture- 
pickup  characteristics  of  fiberboard 
similar  to  those  of  wood.^  Is  the 
E.M.C.  of  fiberboard  the  same  as  that 
of  wood  at  a  given  temperature  and 
relative  humidity. 

Mr.  Kellicutt:  The  fundamental 
relationships  are  the  same.  Both  mate¬ 
rials  are  hygroscopic  and  are  less 
strong,  in  general  at  higher  moisture 
contents.  The  E.  M.  C.  values  of  the 
two  materials  follow  the  same  pattern 
through  variations  in  temperature  and 
relative  humidity  and,  under  any  given 
set  of  conditions.  The  E.  M.  C.  of 
fiberboard  is  generally  lower  than  for 
wood. 

A.  R.  Tegge,  Jr.  (Quarter  Master 
Container  Laboratories,  Chicago,  Il¬ 
linois):  Regarding  the  scatter  of  the 


points  seen  in  figure  4  (showing  rela¬ 
tionship  between  compressive  strength 
of  a  box  and  the  dead  load  that  will 
cause  failure),  what  was  the  range  in 
relative  humidities  to  which  the  boxes 
were  exposed.^  Does  this  account  for 
some  of  the  spread? 

Mr.  Kellicutt:  Controlled  exposure 
conditions  ranged  from  80°  F.  and 
30%  R.H.  through  80°  F.  and  90% 
R.H.  Six  exposure  conditions  within 
this  range  were  used.  Much  of  the 
spread  is  probably  due  to  the  fact 
that  the  boxes  subjected  to  the  actual 
stacking  loads  were  not  the  same  ones 
used  to  derive  the  machine  test  load. 
The  use  of  matched  boxes  was  neces¬ 
sary  because  those  tested  in  the  ma¬ 
chine  were  broken  and  were  not  suit¬ 
able  for  use  in  the  dead  load  phase. 
Small  variations  in  physical  character¬ 
istics  between  matched  boxes,  there¬ 
fore,  could  be  expected  to  produce 
such  a  spread. 

R.  B.  Deacon  (Signode  Steel  Strap¬ 
ping  Cornpany,  Memphis,  Tennes¬ 
see)  :  Does  the  influence  of  moisture 
content  upon  box  strength  differ  mate¬ 
rially  between  flute  sizes  (A,  B  or  C 
flute)  or  between  solid  and  corrugated 
board? 


Mr.  Kellicutt:  No.  As  the  moisture 
content  fluctuates  within  a  given  range 
the  effect  upon  the  strength  of  each 
of  these  types  of  board  will  be  similar. 
Assuming,  of  course,  that  all  boards 
are  made  of  the  same  materials. 

Robert  R.  Ferrell  (Kennedy  Car 
Liner  and  Bag  Company,  Shelbyville, 
Indiana) :  Are  the  results  of  the 
studies  you  have  conducted  at  the 
Forest  Products  Laboratory  available 
to  the  public? 

Mr.  Kellicutt:  Yes.  Address  your 
request  by  report  number  or  title  to: 
Director,  Forest  Products  Laboratory, 
Madison  5,  Wisconsin. 

Mr.  Sands:  Do  standards  exist  in 
industry  to  guide  the  fabrication  of 
fiberboard. 

Mr.  Kellicutt:  Yes. 

John  M.  Ladd  (General  Box  Com¬ 
pany,  Des  Plaines,  Illinois) :  The 
boxes,  or  tubes,  used  in  this  test  were 
empty.  Would  the  results  differ  mate¬ 
rially  if  the  boxes  had  been  loaded? 

Mr.  Kellicutt:  This  would  depend, 
of  course,  upon  the  type  of  load. 
Some  loads  actually  support  the  con¬ 
tainer  while  others  depend  upon  the 
container  for  protection  from  external 
forces.  For  that  reason  empty  contain¬ 
ers  alone  were  evaluated  in  this  study. 


For  Better 

PLYWOOD 


Williams-White 

HOT  PLATE  PRESSES 
ore  Truly  Custom  Built 

Perfect  plywood  requires  exacting 
control  of  pressure  and  temperature 
and  a  rigid  frame  section.  These 
are  basic  in  WILLIAMS-WHITE  Hot 
Plate  Presses. 

See  our  representative  nearest  you 
or  write  us  direct  for  full  informa¬ 
tion.  No  obligation  on  your  part, 
of  course. 

Representatives: 

ALLIED  NORTHWEST  MACHINE  TOOL  CORP. 
Portland,  Oregon 

WILLIAMS-WHITE  &  CO.,  Chicago  Office 
J.  E.  Maynard,  Manager 
53  West  Jackson  Boulevard 
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Chemicals  -  Plastics 


In  Ladue,  St.  Louis  County, 
Missouri,  this  new  million- 
dollar  school  was  built  by 
Robert  Paulus  Construc¬ 
tion  Company. 


Lumber  treated  with  penta  will  resist  rot 
and  insect  attack  far  beyond  the  normal 
life  span  of  untreated  timber.  Forced  deep 
into  the  cells  of  the  wood  by  pressmre,  penta 
makes  the  wood  virtually  time-proof.  Rain 
and  ground  water  can’t  wash  it  out.  Prop¬ 
erly  formulated  and  applied,  penta  wiU 
leave  your  wood  clean,  paintable  and  dimen¬ 
sionally  stable,  if  specified. 

In  public  buildings,  diurahility  is  a  must. 
Horton  Watkins  High  School,  newly  built 
in  one  of  St.  Louis  County’s  finest  resi¬ 
dential  sections,  is  assmed  many  years  of 
extra  life.  Nailing  strips  and  sleepers,  door 
frames,  and  other  wood  parts  in  the  school 
are  penta  pressure-treated  against  decay 
and  wood-destroying  insects.  , 

You  build  permanence  in  your  work  and 
save  money  for  your  client  when  you  specify 
Monsanto  Penta. 


Understripping  of  gym  floor, 
as  well  as  white-pine  door 
frames,  was  pressure-treated 
to  a  6#  retention  of  penta 
solution. 

Penta  has  wide  usage  possi¬ 
bilities.  It  is  specified  regu¬ 
larly  by  utilities,  railroads,  in 
heavy  construction  and  in 
farm  and  home  building. 


Information  for  contractors.  This  bro¬ 
chure,  titled  “Specify  Penta,”  gives 
facts  and  figures  on  penta  appli¬ 
cations.  For  your  copy,  write:  Mon¬ 
santo  Chemical  Company,  Organic 
Chemicals  Division,  800  North 
Twelfth  Blvd.,  St.  Louis  1,  Missouri. 


PENTA 


SERVING  INDUSTRY... 
WHICH  SERVES  MANKIND 


FREE  FILMS  OF  PAINT 

(Continued  from  page  125) 

vapors  of  the  solvents  come  in  contact 
with  the  paint.  Swelling  of  a  coating 
in  excess  of  any  swelling  of  the  w'ood 
does,  then,  tend  to  cause  blistering  if 
at  the  same  time  the  paint  film  is 
softened,  plasticized,  and  perhaps  its 
adhesion  to  the  wood  weakened.  There 
is  no  reason  why  water  should  differ 
from  other  swelling  solvents  in  bring¬ 
ing  about  paint  blistering. 

Ross  Martin  (Sears  Roebuck)  :  What 
effect  of  flow  or  gravity  in  making 
samples  ? 

Dr.  Browne:  Effect  is  not  Newton¬ 
ian — must  be  brushed  on. 


FACTORS  AFFECTING 

(Continued  from  page  134) 

Discussion 

Roy  M.  Carter  (North  Carolina 
State  College) :  How  do  you  measure 
the  thickness  of  film  on  wood  panel? 

Mr.  Blackmore:  A  metal  panel  is 
placed  along  side  the  wooden  one  and 
sprayed  simultaneously.  Film  thick¬ 
nesses  are  measured  by  conventional 
methods  on  the  wood  panel. 

G.  G.  Sward  (Paint  Ass’n):  What 
would  be  effect  if  time  between  cycles 
were  extended? 


Mr.  Blackmore:  If  the  lacquer  film 
tends  to  become  embrittled  on  aging, 
the  test  will  show  it.  Using  the  test 
on  freshly  applied  films  as  well  as  on 
films  aged  for  various  lengths  of  time, 
the  aging  characteristics  of  the  film 
can  be  determined. 

Ross  Martin  (Sears  Roebuck)  :  On 
test  panels  does  grain  in  copper  make 
any  difference?  I  notice  that,  although 
when  pressure  is  applied  the  bulb  ex¬ 
pands  equally  but  all  checks  are  in  the 
same  direction.  Why? 

Mr.  Blackmore:  In  the  case  of  this 
particular  specimen  the  directional 
cracking  is  probably  due  to  the 
stresses  set  up  because  of  flow  lines. 
This  lacquer  may  have  had  very  fast 
solvents  that  did  not  permit  uniform 
flow-out.  I  am  sure  that  grain  in  the 
copper  sheet  was  not  a  factor.  As 
shown  in  the  slides,  most  films  shat¬ 
ter  in  all  directions  or  in  concentric 
rings. 


FILLER 

(Continued  from  page  138) 

tunnels,  excellent  filling  can  be  ob¬ 
tained  on  comparatively  short  drying 
schedules  with  adaptations  of  the  old 
overnight-dry  type  of  filler.  It  is  be¬ 
lieved  that  intensive  research  and  de¬ 
velopment  work  on  fillers  is  now  be¬ 


ing  carried  on  by  many  manufacturers 
of  finishing  materials. 

In  considering  the  proper  drying  of 
filler,  it  is  necessary  also  to  take  into 
account  the  coating  which  is  to  be 
applied  over  it.  A  sealer  or  lacquer 
with  a  normal  composition  of  solvents 
should,  when  applied,  wet  into  the 
top  surface  of  the  filler  in  the  pores 
of  the  wood.  This  action,  assuming 
that  the  filler  has  the  proper  color  and 
strength  of  color,  will  produce  a 
sharp,  clear  pore  color.  If  the  filler 
has  dried  too  hard  or  if  the  solvents 
in  the  coating  are  too  weak,  a  lack  of 
bonding  at  the  interface  will  result 
in  gray  or  shiny  pores.  If,  on  the  other 
hand,  the  filler  is  not  sufficiently  dry, 
or  the  solvents  in  the  coating  are  too 
strong,  a  puffing  or  heaving  of  the 
filler  will  take  place.  This  is  often 
confused  with  "orange  peel”  in  the 
coatings.  Many  times  lacquers  or  seal¬ 
ers  have  been  condemned  for  poor 
flow  or  "orange  peel”,  when  the  fault 
was  improper  drying  of  the  fillers. 

A  method  of  visual  comparison  of 
filling  results,  which  was  developed 
by  Messrs.  John  Whiteside  and  Rich¬ 
ard  Tuttle  of  The  Lilly  Company,  is 
illustrated  by  Figures  I  and  II.  These 
are  photographs  of  plaster  casts  made 
of  two  similar  oak  panels  which  had 
previously  been  filled  and  coated  with 


/h  e  consunt  aim  and  purpose 
of  EKSTROM,  CARLSON  & 
CO.  has  been  to  design  and 
build  Machinery  and  Tools 
which  will  assist  you  in  boosting 
your  production  and  in  reduc- 


from  every  angle 

- EKSTROM,  CARLSON 
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UNITED  STATES  PLYWOOD  CORPORATION 

A  completely  integrated  manu¬ 
facturing  and  distributing  or¬ 
ganization  serving  the  nation’s 

needs  for  plywood  and  other 
laminated  materials. 


Twenty-seven  manufacturing 
plants  and  sixty-seven  distri¬ 
bution  and  sales  units  provide 
prompt,  nationwide  service  on 
Weldwood  products. 


UNITED  STATES  PLYWOOD  CORPORATION 

Executive  Officest  Weldwood  Bldg. 

55  West  44tli  Street,  New  York 
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lacquer  sealer.  These  panels  were 
selected  as  being  of  hard-to-fill  type 
of  wood,  having  large  and  deep 
pores. 

On  the  plaster  cast,  the  depressions 
in  the  surface  of  the  filled  panels  pro*, 
trude  above  the  flat  surface  of  the 
cast.  These  protuberances  are  accentu¬ 
ated  and  made  easy  to  see  by  fogging 
a  thin  mixture  of  black  lacquer  with 
a  spray  gun  held  nearly  parallel  to 
the  surface  of  the  cast,  and  thereby 
creating  a  shadow  effect. 

Figure  .1.  represents  a  panel  filled 
by  methods  which  are  more  or  less 
normal  procedure  in  many  finishing 
rooms.  Figure  2.  represents  a  panel 
filled  by  the  double  application  and 
padding  method  described  above. 

In  conclusion,  while  there  still  may 
be  many  advancements  to  be  achieved 
in  producing  better  fillers,  particularly 
of  the  quick-dry  type,  it  is  the  writ¬ 
er’s  belief  that  the  filling  job  in  most 
finishing  departments  can  be  im¬ 
proved  with  present  materials.  To  do 
this  will  require  careful  preparation 
of  the  surfaces  to  be  filled;  close  atten¬ 
tion  to  the  details  of  the  jobs  of  ap¬ 
plying,  padding,  cleaning  up,  and  dry¬ 
ing  of  filler;  careful  and  intelligent 
inspection;  and,  finally  but  not  least, 
an  appreciation  of  the  importance  of 
filler  department  by  the  management. 


PROCESS  HARDBOARD 

(Continued  from  page  148) 

Water 

A  glacial  fed  stream  is  used  as  a 
source  of  process  water  with  a  make¬ 
up  on  maximum  production  of  300- 
500  gpm.  Wastes  are  discharged 
directly  into  the  stream  and  are  peri¬ 
odically  checked  by  the  State  Sanita¬ 
tion  Commission.  The  B.O.D.’s  of 
such  waste  have  in  no  way  been  detri¬ 
mental  to  aquatic  life.  We  have  found, 
however,  more  loss  of  solids  than 
desirable,  so  are  now  setting  up 
equipment  to  recover  the  solids,  which 
will  be  returned  to  the  system  for 
reuse. 

Freeness  of  Stock 

The  presence  of  bark  has  in  no 
manner  caused  a  slowing  of  the  stock 
in  felting.  On  the  other  hand,  recent 
laboratory  work  now  being  edited  will 
show  that  the  presence  of  the  bark 
adds  to  the  freeness.  This  has  also 
proven  out  in  commercial  operation. 

Summary 

Mill  scale  production  of  hardboard 
from  the  wood  by-products  of  an  ex¬ 
isting  sawmill  has  demonstrated  the 
suitability  of  an  integrated  operation 
for  the  production  of  a  quality  prod¬ 


uct.  This  process  uses  the  bark  to  en¬ 
hance  physical  properties  of  the  prod¬ 
uct  as  well  as  to  save  valuable  chemi¬ 
cals,  and  thus  opens  a  new  field  of 
raw  material  to  the  wood  processing 
industry. 


HIGH  SPEED 

(Continued  from  page  169) 

"fire  ball”  unit  and  brag  about  the 
good  runs  they  make.  Never  have  I 
seen  them  resent  the  speed  in  a  well- 
designed  plant. 

Unless  you  have  proper  supervision, 
high  speed  production  can  become  a 
pitfall.  You  can  probably  bank  on  cut¬ 
ting  your  cost  of  production,  but  you 
haven’t  gained  a  thing  unless  you  have 
maintained  your  quality  and  are  able 
to  sell  all  the  increased  product.  The 
rules  of  the  National  Oak  Flooring 
Manufacturers  Association  require  that, 
in  case  of  reinspection,  the  National 
Inspector  is  to  rule  in  favor  of  the  cus¬ 
tomer  if  his  reinspection  indicates  that 
the  shipment  is  more  than  5  percent 
off-grade.  Stated  another  way,  this 
means  that  you  must  make  flooring 
that  is  95  percent  perfect,  or  else  you 
are  not  doing  a  "quality”  job.  Obvi¬ 
ously,  then,  you  have  not  benefited  if, 
in  attempting  to  increase  production 


first  choice  ...  of  men 
who  know  wood  preservation 
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PRESERVATIVE  i 


CONTAINING 

PENTAchlorophenol 


Since  its  introduction,  WOODLIFE,  the  cleon,  penetrating  water  repellent 
preservative  has  been  used  in  ever  increasing  volume  by  the  leading 
Millwork  Manufacturers.  Life  preserving  treatment  of  windows,  doors, 
frames  and  other  wood  products.  They  KNOW,  from  experience,  that 
WOODLIFE  protects  against  swelling,  shrinking,  warping,  checking  and 
grain  raising  caused  by  rapid  moisture  changes  in  wood.  It  kills  decay 
and  stain  fungi  and  effectively  controls  termites  and  other  wood  destroy¬ 
ing  insects. 


Manufacturers  of 
chemical  preservatives 


Also  .  .  .  among  th.  m.n  who  KNOW,  “Prot.ction  Products”  is  chosen  for  its  SinCe  1921 

engineering  “know-how"  in  treating  processes — iiKluding  DRI-VAC,  the  modem 
vacuum  method  developed  in  their  laboratories  aid  now  attracting  such  wide  spread 
interest. 


Protection  Products  Mfg.  Co. 

Research  Laboratory  and  Plant  KALAMAZOO,  MICH. 


228 


DECEMBER, 


THE  MOST  MODERN  AND  COMPLETE  LINE  OF  GLUE  SPREADERS 


PRODUCTION  CLAMPS  FOR  EVERY  NEED 


Illustrated  above  are  but  a  few  of  the  many  items  contained  in  Black  Brothers 
Catalog  No.  11.  This  new,  complete  catalog  gives  you  illustrations,  descriptions, 
specifications  and  numerous  installation  views  of  the  Black  line  of  Laminating 
and  Gluing  Equipment.  Over  70  years  of  engineering  progress  is  behind  Black 
Brothers  internationally  recognized  superiority  in  gluing  and  laminating  equip* 
ment.  Write  for  your  FREE  catalog  now. 
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materially,  the  standard  of  quality  is 
not  maintained. 

The  point  has  been  argued  that 
high  speed  production  may  be  fine  in 
a  "sellers  market”,  but  what  will  hap¬ 
pen  if  demand  decreases.  As  I  see  it, 
in  poorer  times  it  is  only  a  matter  of 
degree  whether  you  have  to  sell  the 
production  of  a  fast  or  a  slow  unit. 
If  you  can  maintain  full  employment 
with  a  slow  unit,  the  chances  are  you 
might  be  better  off  with  a  fast  unit 
that  would  make  the  same  flooring  in 
less  time  and  let  you  use  the  crew  in 
another  part  of  your  operation  in¬ 
stead  of  maintaining  2  separate  crews. 
We  are  presently  building  flooring 
units  that  will  run  fast  or  slow  as  re- 
uired,  so  the  question  is  rather  aca- 
emic  with  us.  More  important  is  to 
remember  that,  fast  or  slow,  there  is 
no  easy  way  to  make  hardwood  floor¬ 
ing.  A  rough-hewn  instructor  once  said 
during  a  class  on  steam  engineering, 
"Now  remember  gents,  don’t  never 
at  no  time  under  no  circumstances 
start  no  turbine  without  you  got  plenty 
erl  in  the  bearings.”  I  suspect  that  it 
was  his  complete  butchery  of  the  Eng¬ 
lish  language  that  caused  me  to  re¬ 
member  his  exact  words  all  these  years. 
I  would  like  to  paraphrase  his  words 
as  follows:  "Remember,  gentlemen, 
don’t  never  at  no  time  under  no  cir¬ 
cumstances  start  no  high  speed  floor¬ 


ing  plant  without  you  got  plenty 
patience  and  a  good  crew.” 

Discussion 

r.  C.  Weill  (Carboloy):  With 
respect  to  your  comment  on  brittle¬ 
ness  of  carbide  tips,  we  have  sold 
thousands,  of  blanks  for  use  as  jack 
hammer  bits  for  breaking  rock,  con¬ 
crete,  etc.,  and  in  this  application 
shock  encountered  is  extremely  high. 
One  machinery  manufacturer  recently 
told  me  of  a  pressure  bar  on  a  planer 
that  was  jammed  into  a  cutterhead  of 
carbide  planer  knives.  He  said  that 
upon  examination  the  pressure  bar 
had  chunks  gouged  out  of  it,  but  there 
were  no  chips  in  the  carbide  knives  as 
a  result  of  the  accident.  There  are 
specific  grades  of  carbide  for  various 
woodworking  application.  That  is 
why  we  encourage  tool  manufacturers 
to  work  with  us  to  develop  the  best 
carbide  tools  for  each  application. 

Mr.  Miller:  I  referred  to  carbide 
tools  as  being  brittle  and  I  realize  that 
I  should  have  phrased  myself  more 
clearly.  What  I  was  trying  to  say  was 
that  the  brazing  of  the  carbide  teeth 
is  brittle  and  contributes  the  weakest 
part  of  a  carbide  tool  in  that  the  car¬ 
bide  teeth  fall  -out  if  the  brazing  gives 
way. 

G.  M.  Mitchell  (Brammer  Manu¬ 
facturing  Company) :  We  use  carbide 


tools  exclusively.  They  have  been  giv¬ 
ing  us  big  savings  on  plywood  with 
high  speed  cutterheads.  Very  useful  in 
the  machining  of  plywood  parts 
requiring  mill-to-pattern  bits. 

RECOVERY 

(Continued  from  page  182) 

the  proportion  of  1:1  to  the  penta- 
chlorophenol,  and  that  its  cost  is  15 
cents  per  lb.  The  total  cost  in  the 
treatment  with  pentachlorophenol  and 
vapor  solvent  recovery  is  about  $4.00 
per  M.  less  than  for  the  steaming  op¬ 
eration,  since  there  is  no  need  for 
using  the  anti-blooming  agent  if  the 
wood  is  processed  by  Vapor  Solvent 
Recovery.  Again  it  will  be  seen  that 
the  air  drying  is  the  most  expensive 
because  of  the  loss  of  solvent. 

Commercial  Operation 

Figure  8  is  a  photograph  of  the  first 
commercial  plant  constructed  for  Va¬ 
por  Solvent  Recovery  of  treated  lum¬ 
ber.  This  is  the  plant  of  the  Brice 
Wood  Preserving  Co.  at  Archer,  Fla. 
which  employs  Vapor  Solvent  Recov¬ 
ery  on  copper  naphthenate  treated 
wood.  The  cylinder  shown  has  a  capac¬ 
ity  of  8,000  FBM. 


Hem's  all  the  tjiow-How' You  Need 

on  CUSTOM  ENGINEERED 
CARBIDE  -TIPPED  SAW  BLADES 


for  the  First  Time,.. The  Most  Complete... 
Most  Instructive  Carbide-Tipped  Saw  Catalog 

Pyfif  P|in/|€flOgl  Published  by  pioneer  manufacturers  of  car¬ 
bide-tipped  saw  blades,  Karbide  King’s  new 
K53  catalog  gives  you  the  answers  on  carbide-tipped  saws  for  your  particu¬ 
lar  job.  It  tells  how  to  use  them,  and  what  to  expect  from  them  how 
you  can  cut  any  material,  with  greater  precision,  and  at  far  lower  cost  per 
cut— with  longer-lasting,  custom-engineered  Karbide  King  Saw  Blades. 


BIG  SAVINGS  WITH  25  TO  100  TIMES 
LONGER  BLADE  UFE 

Karbide  King  Blades  are  made  of  top 
quality  alloy  tool  steel  providing  high 
tensile  strength  and  resilience  for  severest 
sawing  applications.  Special  analysis  tung¬ 
sten-carbide  cutting  teeth  are  precision 
brazed  to  the  blade  and  diamond  ground 
for  smoothest  possible  cuts.  These  features, 
coupled  with  skilled  experience  and  un¬ 
compromising  manufacturing  standards,  en¬ 
able  you  to  run  Karbide  King  Blades  25  to 
100  times  longer  before  resharpening,  AND 
permit  a  far  wider  range  of  uses  for  your 


sow.  This  performance  means,  that  cut-for- 
cut,  your  sawing  operation  will  cost  less, 
yet  you'll  produce  highest  quality  work. 
Send  the  coupon  for  Karbide  King's  K53 
catalog,  today. 
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DELUXE  SANV  AND  TOOL  CO.  Dept  7001 

Subsidiary  of  Rockwell  Manufacturing  Co. 

415  East  Commerce  Street 
High  Point  North  Carolina 

□  Please  send  Karbide  King's  new  K53  catalog. 

□  Please  send  name  of  nearest  Karbide  King  dealer. 


230 


DECEMBER,  1953 


'•?>»  'Ir 

“V 

'  V 

Since  1929  Hyster  Company  has  been 
identified  with  the  forest  products  indus¬ 
try.  .  .  .  Hyster  tractor  equipment,  made 
for  use  with  "Caterpillar"  track-type 
tractors,  includes  winches,  yorders  and 
donkeys,  arches  and  sulkies,  and  the 
Hystoway  (combination  dragline,  clam¬ 
shell,  crane,  shovel  and  backhoe).  .  .  . 
Hyster  lift  trucks.  Straddle  Trucks,  Karry 
Kranes,  Turret  Trucks,  include  15  models, 
ranging  in  capacity  from  1,000  lbs.  to 
30,000  lbs.  .  .  .  Hyster  dealers  are  located 
in  principal  cities  throughout  the  world. 
.  .  .  Hyster  Company,  Portland,  Oregon; 
Peoria,  Danville,  Illinois;  and  Hyster 
Europe,  N.V.,  i.e.,  Nijmegen,  the  Nether¬ 
lands. 


HYSTER 

EQUIPMENT 
for  the 
Forest  Products 
Industry 
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Discussion 

James  A.  Green wald  (Cuprinol  Di¬ 
vision,  Darworth,  Inc.):  One  benefit 
of  this  process  should  be  emohasized: 
After  treatment  the  wood  can  be 
laminated  with  no  further  processing 
as  is  required  by  other  methods  of 
treatment.  This  advantage  seems  to  be 
due  to  the  scouring  action  of  the 
solvent  on  the  surface  of  the  lumber. 

Jacob  B.  Huffman  (University  of 
Florida) :  What  are  the  strengths  of 
the  solutions  used  in  the  treatments.^ 

Mr.  Hudson:  9^  per  cent  for  Cop¬ 
per  Naphthenate,  and  9-10  per  cent 
for  Penta.  If  the  wood  is  treated  to  a 
retention  of  %  of  a  pound  per  cubic 
foot,  of  a  pound  per  cubic  foot  of 
Copper  Naphthenate  is  extracted  with 
the  solvent:  or  pound  per  cubic 
foot  of  Penta  will  be  extracted  with 
the  solvent. 
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GAMBLE  BROTHERS 


-heir  fifty  years  of  leadership  in  wood  engineering 
will  help  you  solve  your  production  and  redesign 
problems  .  .  .  without  obligation. 


They  can  fill  your  needs  for  solid  or  laminated 
hardwood  parts  .  .  .  rough  ...  or  finished,  ready  to 
assemble  ...  in  Southern  and  Appalachian  hard¬ 
woods,  walnut  and  mahogany.  Also,  a  real  time  and 
money  saver:  hardwood  dimension  lumber, 
rough-cut  to  specifications  and  conveniently 
bundled  .  .  .  DIMENSOWOOD,  direct  from  our 
Montgomery,  Alabama,  plant. 

Write  today! 


Engineered  Wood  Parts  in  Southern  and  Appalachian 
Hardwoods,  Walnut,  or  Mahogany. 

GAMBLE  BROTHERS,  Inc. 
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DIMENSOWOOD  Division:  Box  457,  Montgomery,  Ala. 
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DECEMBER,  19^3 


1953  National  Meeting 


Advisory  Committee,  Executive 
Board  Meet  Jointly 

On  Monday  noon,  the  FPRS  Sec¬ 
tion  Officers  Advisory  Committee,  rep¬ 
resenting  13  sections  from  Southern 
California  to  Eastern  Canada,  met  with 
the  Executive  Board  to  recommend 
additions  and  improvements  in  the 
conduct  of  Society  affairs.  The  Board 
met  subsequently  to  review  and  enact 
a  number  of  their  suggestions  calling 
for  new  membership  directories,  rep¬ 
resentation  at  various  industry  meet¬ 
ings,  review  of  National  office  func¬ 
tions,  review  of  Society  policy  on  re¬ 
lease  of  author  papers,  strengthening 
of  subject  matter  committees,  and 
other  matters. 

Glues  and  Gluing  Technology 

Ralph  Casselman,  assistant  to  the 
vice-president,  Paine  Lumber  Com¬ 
pany,  Oshkosh,  Wis.,  discussed  "Pro¬ 
duction  gluing.”  He  pointed  out  how 
careful  technical  control  of  glue-room 
operation  pays  off  in  dollars  and 
cents. 

The  second  paper  was  jointly  pre¬ 
pared  by  J.  G.  Kuenzel,  senior  mate¬ 
rials  engineer,  Materials  Development 
Division,  Wood  Products,  Bureau  of 
Ships,  Navy  Department,  Washington, 
D.  C.,  and  N.  V.  Poletika  and  H.  B. 
McKean,  Assistant  and  Associate  Di¬ 
rectors  of  Research,  Timber  Engineer¬ 
ing  Company,  Washington,  D.  C.  The 
title  was  "The  gluing  of  preservative- 
treated  wood  for  severe  service  condi¬ 
tions.”  McKean,  in  response  to  ques¬ 
tions  from  the  floor,  said  the  indus¬ 
try’s  laminated  truck  bodies  are  stand¬ 
ing  up  under  rigid  testing. 

A  new  trend  in  the  gluing  of  wood 
was  discussed  by'Jacques  H.  Tigelaar, 
Director  of  Research  and  Tests,  Haske- 
lite  Manufacturing  Corporation,  Grand 
Rapids,  Mich.  The  title  was  "Tech¬ 
niques  for  bonding  metals  and  plas¬ 
tics  to  wood.” 

A  short  history  of  the  development 
of  synthetic  adhesives  was  given  by 
Earl  B.  Detwiler  in  his  paper,  "Prop¬ 
erties  and  application  of  amino  resin 
adhesives  and  binders.”  Mr.  Detwiler 
is  a  group  leader  in  the  Development 
Division,  American  Cyanamid  Com¬ 
pany,  Stamford,  Conn. 

Concluding  paper  in  the  first  day’s 
session  was  one  by  M.  L.  Selbo,  chem¬ 
ical  engineer,  and  W.  Z.  Olson,  tech¬ 
nologist,  Forest  Products  Laboratory, 
I’orest  Service,  U.  S.  Department  of 
Agriculture,  Madison,  Wis.  Their  pa¬ 
per,  which  dealt  with  11  different 
j^lues  and  seven  types  of  joints  com¬ 
mon  in  assembly  of  furniture,  was 
itled,  "Durability  of  woodworking 
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( Continued  from  page  7) 

glues  in  different  types  of  assembly 
joints.” 

As  a  special  feature  of  this  session, 
James  Rice,  junior  at  Alabama  Poly¬ 
technic  Institute,  presented  a  resume 
of  his  prize  winning  undergraduate 
paper  entered  in  the  Wood  and  Wood 
Products  Award  contest. 

The  Glues  and  Gluing  program 
was  arranged  and  directed  by  Alan  A. 
Marra  of  the  School  of  Natural  Re¬ 
sources,  University  of  Michigan. 

Successful  Table-Top  Exhibit 

Monday  evening  was  set  aside  for 
members  and  guests  to  visit  the  54 
"table-top”  literature  exhibits  by  sup¬ 
plier  companies  and  educational  and 
research  institutions.  The  exhibits,  on 
display  all  three  days  of  the  meeting, 
illustrated  many  of  the  latest  tech¬ 
niques,  materials  and  facilities  avail¬ 
able  to  the  industry.  The  names  of  the 
exhibitors  are  found  later  in  this  re¬ 
port  under  "Paul  Bunyan  Hour”  spon¬ 
sors. 

Chemical  Utilization  and  Packaging 

At  the  Tuesday  morning  technical 
sessions,  members  heard  four  papers 
on  chemical  utilization  of  wood  and 
five  papers  on  various  developments 
in  the  packaging  and  crating  industry. 
Two  speakers  reported  development 
of  a  crating  material  that  combines 
wood  veneer  with  glued-on  paper  fac¬ 
ings.  The  material  is  said  to  provide  a 
stronger,  more  protective  crate  while 
making  possible  better  utilization  of 
our  forest  resources. 

The  first  paper  in  the  chemical  utili¬ 
zation  group  was  titled  "Pulp  and  pa- 
er:  tools  for  hardwood  utilization”, 
y  J.  N.  McGovern,  chemical  engi¬ 
neer,  Forest  Products  Laboratory.  Mr. 
McGovern  pointed  out  how  new  and 
expanding  pulping  processes  afford  a 
rapidly  growing  outlet  for  second- 
growth  hardwoods  that  stand  in  the 
way  of  the  regrowth  of  the  more  de¬ 
sirable  softwoods  in  the  South  and 
throughout  the  Nation. 

"Wood  in  a  Gulf  Coast  chemical 
plant”  was  presented  by  V.  B.  Vol- 
kening.  Group  Leader,  Chemical  Di¬ 
vision  of  the  Dow  Chemical  Company, 
Freeport,  Texas.  A  striking  feature  of 
Mr.  Volkening’s  paper  were  the  ex¬ 
amples  of  replacement  of  steel  struc¬ 
tures  by  wood  in  a  number  of  loca¬ 
tions  where  steel  was  unsatisfactory 
because  of  rust  or  corrosion. 

N.  Levitin  and  H.  Schwartz,  Re¬ 
search  Chemist  and  Laboratory  Super¬ 
intendent  respectively,  Ottawa  Lab¬ 
oratory,  Forest  Products  Laboratories 
of  Canada,  showed  the  results  of  their 
research  on  "Delignification  of  spruce 


sawdust  with  chlorine  dioxide”  in 
efforts  to  derive  the  rayon  type  of  cel¬ 
lulose  from  sawdust  and  thus  develop 
a  use  that  would  not  be  hampered  by 
the  normal  shortness  of  fiber  found 
in  this  form  of  wood  residue. 

"Potentialities  of  chemical  utiliza¬ 
tion  of  wood”  was  the  title  of  a  paper 
by  A.  S.  Gregory  and  Dr.  A.  K. 
Esterer,  Development  Department, 
Weyerhaeuser  Timber  Company,  Long¬ 
view,  Wash. 

Leading  off  in  the  container  dis¬ 
cussions,  K.  Q.  Kellicut,  engineer,  and 
E.  F.  Landt,  technologist,  U.  S.  For¬ 
est  Products  Laboratory,  presented  the 
subject,  "Basic  design  data  for  solid 
shipping  containers.”  They  presented 
a  formula  for  predicting  the  strength 
of  fiber  boxes  under  various  shipping 
and  storage  moisture  conditions  and  a 
handy  circular-slide-rule  type  of  calcu¬ 
lator  to  facilitate  the  designing  and 
specifying  of  fiber  containers  for  prod¬ 
uct  and  storage  requirements. 

John  M.  Ladd,  Manager,  Design 
and  Testing  Laboratory,  General  Box 
Company,  Des  Plaines,  111.,  gave  a 
paper  titled  "Research  and  design  in 
the  packaging  field.” 

"Wood  fiber  felts  for  protective 
packaging”,  a  discussion  of  the  design 
of  cushioning  materials  with  specified 
resilience  for  a  wide  range  of  prod¬ 
ucts,  was  handled  by  E.  O.  Lieberg, 
Manager,  Industrial  Sales  Engineering 
Department,  Wood  Conversion  Com¬ 
pany,  Cloquet,  Minn. 

A  paper  followed  which  described 
a  container  material  composed  of  a 
single  ply  of  veneer  bonded  between 
two  sheets  of  kraft  paper.  A.  L. 
Whiton,  sales  manager,  Chicago  Mill 
&  Lumber  Company,  was  the  author — 
the  title  of  his  paper  "Craveneer  as 
used  in  the  packaging  field”. 

Another  new  product,  made  by 
bonding  two  sheets  of  kraft  board  on 
either  side  of  a-  sheet  of  "distended” 
veneer  was  described  in  the  paper 
"Ply-venc'er  shipping  containers”,  by 
J.  R.  Roberts,  Manager,  and  A.  M. 
Fiskin,  Project  Engineer,  Develop¬ 
ment  Center,  Weyerhaeuser  Timber 
Company,  Longview,  Wash. 

New  Officers  and  Board  Members 
Announced 

At  the  official  FPRS  luncheon  Tues¬ 
day  noon,  the  Society’s  newly  elected 
officers  were  announced  by  the  Tellers 
Committee  and  introduced  by  the 
President.  Announced  were  Robert  D. 
Pauley,  Weyerhaeuser  Timber  Co.,  Ta¬ 
coma,  Washington,  president;  Lester  J. 
Carr,  L.  J.  Carr  Co.,  Sacramento,  Calif., 
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president-elect;  Moss  B.  Christian, 
Chicago  Mill  and  Lumber  Co.,  Tallu¬ 
lah,  La.,  vice-president;  W.  Jeter 
Eason,  Nickey  Bros.,  Memphis,  Tenn., 
South  Central  Regional  Board  Mem¬ 
ber;  and  E.  S.  Harrar,  Duke  Univer¬ 
sity,  Durham,  N.  C.,  Southeast  Re¬ 
gional  Board  Member. 


Congressman  Addresses  Luncheon 

U.  S.  Representative  Harris  Ells¬ 
worth  (Ore.),  feature  luncheon 
speaker,  praised  wood  rc-search  men 
for  the  forward  strides  they  have  made 
but  pointed  out  the  industry  suffers 
from  the  time  lag  between  the  time 
materials  and  processes  arc  developed 
at  the  research  level  and  the  time  they 
are  adopted  by  industry  (see  page  11). 

Wood  and  Wood  Products  Award 


Special  feature  at  the  noon  luncheon 
was  prc*sentation  by  Jack  Koellisch, 


Jack  Koellisch,  James  Rice,  Eric  Ellwood, 
and  R.  W.  Wellwood. 


publisher,  of  awards  and  certificates  to 
two  student  winners  of  the  Wood  and 
Wood  Products  essay  contest.  Gradu¬ 
ate  honors  went  to  Eric  L.  Ellwood  of 
Melbourne,  Australia,  for  his  paper, 
"Effect  of  Temperatures  and  Moisture 
Content  Upon  Strength  and  Elastic 
Properties  of  Beech  in  Tension,  Per¬ 
pendicular  to  the  Grain”.  He  pre¬ 
pared  his  paper  as  a  graduate  fellow 
of  the  Yale  University  School  of  For¬ 
estry.  Undergraduate  winner  was 
James  Rice,  Birmingham,  junior  at 
Alabama  Polytechnic  Institute  School 
of  Forestry  at  Auburn.  Title  of  his 
paper  was  "Effect  of  Loading  on  Glue 
Line  Strength.” 


At  afternoon  sessions  one  group  of 
experts  reported  on  latest  techniques 
used  in  producing  the  fine  finishes  put 
on  today’s  furniture  and  other  wood 
products;  while  another  group  of 
speakers  was  detailing  late  develop¬ 
ments  in  the  manufacture  of  wood 
composition  board,  which  is  used  for 
everything  from  subflooring  to  kitchen 
cabinet  construction  in  the  modern 
home.  Shavings,  chips,  slabs,  limbs 
and  even  bark,  materials  that  formerly 
went  up  in  waste  smoke,  were  reported 
as  used  in  manufacturing  the  multi¬ 
purpose  boards. 

In  the  afternoon  session  on  wood 
finishing.  Dr.  F.  L.  Browne,  chemist. 
Forest  Products  Laboratory,  opened 
with  a  paper  entitled,  "The  absorp¬ 
tion  of  water,  swelling  and  solubility 
of  free  films  of  paint.”  This  paper 
reports  basic  laboratory  research  that 
has  been  badly  needed  to  explain  the 
behavior  of  paint  on  wood. 

"Sanding  wood  for  finishing”  is 
the  topic  presented  by  O.  B.  Gordon, 
Products  and  Equipment  Engineer, 
Behr-Manning  Corporation,  Troy, 
N.  Y. 

Other  papers  included  "Factors 
affecting  the  integrity  of  a  furniture 
finish”  by  Paul  O.  Blackmore,  Direc¬ 
tor,  Basic  Development  Laboratories, 
Interchemical  Corporation,  Finishes 
Division,  Newark,  N.  J.  and  "Filler — 
the  theory  and  technique  of  applica¬ 
tion”  by  R.  S.  Quigley,  Development 
Engineer,  Lilly  Company,  High  Point, 
N.  C. 

The  final  paper  on  finishing  was 
given  by  E.  Sigurd  Johnson,  associate 
professor.  Furniture  Manufacture  and 
Marketing,  North  Carolina  State  Col¬ 
lege,  Raleigh,  N.  C.  Prof.  Johnson’s 
paper,  titled  "Comparison  of  European 
and  American  Finishes”,  was  based 
on  an  extensive  tour  of  European  fur¬ 
niture  factories  made  by  the  author  in 
1952  and  on  his  long-time  familiarity 
with  parallel  American  production 
facilities.  Johnson  noted  low-cost 
European  finishes  are  of  very  low 
quality. 

The  program  and  discussion  on 
wood  finishing  was  directed  by  B.  E. 
Clatworthy,  Radio  Corporation  of 
America,  Indianapolis,  Ind. 

E.  E.  Matson,  Chief,  Forest  Utiliza¬ 
tion  Service,  U.  S.  Forest  Service,  Port¬ 
land,  Ore.,  opened  the  discussion  of 
wood  composition  board  with  "Poten¬ 
tial  raw  material  supply  for  wood  fiber 
products.” 

E.  A.  Patton  described  the  success¬ 
ful  effort  of  the  Curtis  Companies  of 
Clinton,  la.,  to  utilize  in  a  particle 
board  the  wood  residues  resulting 
from  their  daily  operations.  The  title 
of  the  paper  was  "Ponderosa  pine 
woodwork  residues  for  dry-formed 
particle  board.” 


The  production  of  hardboard  from 
green  unbarked  slabs,  edgings,  and 
other  chippable  forms  of  sawmill  resi¬ 
dues  was  described  in  a  paper  by 
W.  J.  Runckel,  Manager,  Hardboard 
Division,  Oregon  Lumber  Company, 
Dee,  Ore.,  "Douglas  fir  slabs,  edg¬ 
ings,  and  bark — wet  continuous  process 
hardboard.” 

H.  C.  L.  Miller,  President,  Miller- 
Hofft,  Inc.,  Richmond,  Va.,  described 
the  use  of  furniture  factory  residues  in 
"Chipcore — its  characteristics  and  pro¬ 
duction.” 

K.  W.  Guenther,  Forest  Products 
Engineer,  Coos  Bay  Lumber  Company, 
Coos  Bay,  Ore.,  discussed  "Analysis 
techr.’.quc^  for  hardboard  pilot  plant.” 
This  p.*per  described  the  use  of  Una- 
sort  cards  and  standard  quality  con¬ 
trol  techniques  to  pin-point  analysis 
and  improvement  of  operations  in 
hardboard  development. 

The  program  and  discussions  on 
wood  composition  board  was  arranged 
and  directed  by  George  G.  Marra, 
Washington  State  Institute  of  Forest 
Products,  Pullman,  Wash. 

Traditional  "Paul  Bunyan  Hour” 
Sponsors 

Late  Tuesday  afternoon,  registrants 
took  a  brief  respite  from  the  series  of 
technical  meetings  to  attend  the  an¬ 
nual  "Paul  Bunyan”  hour  festivities. 
Contributors  to  the  meeting  and  table- 
top  exhibits  are  the  "hosts”  at  this  tra¬ 
ditional  affair.  It  is  estimated  that  well 
over  400  persons  attended  the  event, 
and  that  the  majority  stayed  for  the 
FPRS  Annual  Dinner  and  entertain- 


Mr.  and  Mrs.  R.  D.  Pauley  and  Mr.  and 
Mrs.  Ken  G.  Chesley. 


ment  which  followed.  Names  of  the 
Sponsors  were  on  display  during  the 
Paul  Bunyan  Hour;  were  printed  in 
the  program;  and  are  carried  in  the 
official  records  of  the  Society.  They  are 
as  follows: 

Yates-American  Machine  Company, 
Beloit,  Wis.;  Pacific  Lumber  Com¬ 
pany,  Scotia,  Calif.;  Rohm  &  Haas, 
Philadelphia,  Pa.;  National  Casein 
Company,  Chicago,  Ill.;  Perkins  Glue 
Company,  Lansdale,  Pa.;  Woodwork¬ 
ing  Digest,  Inc.,  Wheaton,  Ill.;  Amer¬ 
ican  Manufacturing  Company,  Ta¬ 
coma,  Wash.;  The  Borden  Company, 
New  York,  N.  Y.;  Rockwell  Manu¬ 
facturing  Company,  Washington, 
D.  C.;  Onsrud  Machine  Works,  Chi- 
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Need  Some  Help  with  Your  Preserving? 


Koppers  can  make  wood  serve  you  better 


There  are  many  ways  in  which  wood  can  be 
rendered  more  useful.  Chemical  impregna¬ 
tion,  for  instance,  can  radically  change  the  char¬ 
acteristics  of  wood,  making  it  resistant  to  decay, 
to  marine  borers,  and  to  insect  attack.  Fire  retard- 
ance  may  also  be  added  to  the  resistant  qualities 
of  wood. 

Our  Technical  Laboratory  has  developed  a 
variety  of  wood  preserving  treatments  for  special¬ 
ized  needs.  For  example,  wood  can  be  treated  so 


that  it  resists  acids,  is  actually  harder,  is  dimen¬ 
sionally  more  stable,  absorbs  less  moisture,  etc. 
With  suitable  treatment,  wood  stands  up  better 
under  repeated  steam  sterilization;  abrasive  wear, 
and  other  destructive  conditions. 

Whether  it  be  pressure-creosoted  posts,  poles, 
piles,  ties,  or  some  specialized  treatment,  Koppers 
has  the  answer  to  preserving  wood  for  maximum 
service  life.  Bring  your  wood  problems  to  us. 
We  will  welcome  the  chance  to  serve  you. 


^  D.  L  DAVIES,  MGR.,  TECHNICAL  DEPARTMENT 

koppers]]  pressure-treated  wood 


^  KOPPERS  COMPANY,  INC.  •  ORRVILLE,  OHIO 
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cago,  III.;  The  Carborundum  Com¬ 
pany,  Niagara  Falls,  N.  Y.;  Kirk  & 
Blum  Manufacturing  Company,  Cin¬ 
cinnati,  Ohio;  Protection  Products 
Company,  Kalamazoo,  Mich.;  Cle- 
worth  Publishing  Company,  Green¬ 
wich,  Conn.;  Jenkins  Machine  Div., 
Curt  Joa,  Inc.,  Sheboygan  Falls,  Wis.; 
Masonite  Corporation,  Chicago,  Ill.; 
Ekstrom,  Carlson  &  Company,  Rock¬ 
ford,  Ill.;  Drake  Company,  St.  Louis, 
Mo.;  Fjellman  &  Winther  Engineer¬ 
ing  Company,  Joliet,  Ill.;  American 
Cyanamid  Company,  New  York,  N.  Y.; 
Reichhold  Chemicals,  Inc.,  New  York, 
N.  Y.;  Chapman  Chemical  Company, 
Memphis,  Tenn.;  Southern  Lumber¬ 
man,  Nashville,  Tenn.;  Bell  Machine 
Co.,  Oshkosh,  Wis.;  Woodwelding, 

lnc. ,  Burban,  Calif.;  C  &  D  Welding 
Service,  Reading,  Calif.;  Siempelkamp, 
Krefeld,  Germany;  Plycor  Company, 
Chicago,  Ill.;  Merritt-Solem  Corp., 
Lockpwrt,  N.  Y.;  Simonds  Saw  &  Steel 
Co.,  Fitchburg,  Mass.;  Snyder  Chem¬ 
ical  Corp.,  Bethel,  Conn.;  Coe  Manu¬ 
facturing  Co.,  Painesville,  Ohio;  The 
Wheland  Company,  Chattanooga, 
Tenn.;  S.  H.  Smith  Co.,  Indianapolis, 

lnd. ;  Moisture  Register  Co.,  Alham¬ 
bra,  Calif.;  Moore  Dry  Kiln  Co.,  Jack¬ 
sonville,  Fla.;  Henry  Disston  &  Sons, 
Philadelphia,  Pa.;  Mann-Russell  Elec¬ 
tronics,  Tacoma,  Wash.;  Clark  Equip¬ 


ment  Co.,  Battle  Creek,  Mich.;  Redco 
Tool  Division,  Red  Lion,  Pa.;  Dow 
Chemical  Co.,  Midland,  Mich.;  Green¬ 
lee  Bros.  &  Co.,  Rockford,  Ill.;  Na¬ 
tional  Hardwood  Magazine,  Mem¬ 
phis,  Tenn.,  Baxter  D.  Whitney  & 
Son,  Inc.,  Winchendon,  Mass.;  S.  A. 
Woods  Machine  Co.,  Memphis,  Tenn.; 
1954  Woodworkers  Industry  Show, 
Grand  Rapids,  Mich.;  Signode  Steel 
Strapping  Co.,  New  Orleans,  La.; 
Mattison  Machine  Works,  Rockford, 
Ill.;  Kennametal  Inc.,  Latrobe,  Pa.; 
Aries  Fiberboard  Co.,  New  York, 
N.  Y.;  Monsanto  Chemical  Co.,  St. 
Louis,  Mo.;  Branyan  &  Peterson,  Mem¬ 
phis,  Tenn.;  Roadbuilders  Equipment 
Co.,  Memphis,  Tenn. 


Tours  of  Memphis  Plants 

On  the  final  day  members  divided 
their  time  between  concluding  tech¬ 
nical  sessions  and  visits  to  three  of 
Memphis’  best  known  wood  products 
manufacturing  concerns. 


1 

Pressed  Steel  Car  Company  manufactures 

PRODUCTS 

i 

many  products  to  serve  the  needs  of 

important  industries.  Among  these  are 

AND 

v/ood  products  utilizing  the  nev/est 
techniques  of  construction  to  provide 

SERVICES 

strength  and  durability.  Ranging  from 
simple  platforms  and  shipping  containers  to 
shelters  and  railroad  cars  these  products 

....  for 

reflect  a  management  policy  of  ever 
developing  new  products  to  meet  changing 

many 

economic  conditions  and  technological 
advancements. 

industries 

PRESSED  STEEL  CAR  COMPANY,  INC. 

CHICAGO  •  NEW  YORK  •  LOS  ANGELES 

MT. 

VERNON,  ILL.  •  BUFFALO  •  MELROSE  PARK,  ILL. 

I 
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consistently  high  speed  production . . . 
I  with  routers  und  shupers 


Onsrud  precision  woodworking  machines 
turn  out  work  at  high  production  speed, 
yet  maintain  accuracy  equal  to  the  pattern 
on  every  part  produced. 

Their  ability  to  perform  so  fast  and  so  effi* 
ciently  on  any  production  job  is  the  result 
of  outstanding  design  and  careful  work¬ 
manship  incorporated  into  every  Onsrud 
machine  assembly.  Combined  with  a  host 
of  operating  features  that  make  set-up  and 
operation  simple  and  easy,  these  machines 
pay  their  way  over  and  over  again  in 
any  shop. 


Design  features  including  unusually  high 
spindle  speed,  spindle  vacuum  pulley,  auto¬ 
matic  belt  tension,  two  speed  motors,  and 
life  lubricated  bearings  make  Onsrud  ma¬ 
chines  the  leaders  in  their  respective  fields. 

These  facts  are  important  today  because 
competition  within,  as  well  as  outside  of 
the  woodworking  industry,  calls  for  the  use 
of  every  technique  that  will  increase  pro¬ 
duction  and  keep  costs  down.  Call  or  write 
for  more  information  on  the  complete 
Onsrud  line,  for  lowering  production  costs 
.  .  .  now. 


ONSRUD  MACHINE  WORKS,  inc. 

3954  WEST  PALMER  STREET  CHICAGO  47,  ILLINOIS 
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At  the  E.  L.  Bruce  Company  plant, 
62  guests  witnessed  modern,  high 
speed  production  of  quality  flooring 
that  is  used  in  homes  throughout  the 
nation.  Seventy-seven  persons  visiting 
Nickey  Bros.’  plant  saw  facilities  for 
turning  out  up  to  60  million  feet  of 
face  veneer  per  year.  At  both  the  above 
plants,  the  wide  range  of  products  as 
well  as  the  high  degree  of  utilization 
of  the  tree  was  of  interest  to  the  tech¬ 
nologists. 


Forty-seven  persons  visited  the  S.  R. 
Hungerford  Co.,  which  in  a  short 
period  of  years  has  become  the  world’s 
largest  producer  of  solid  mahogany 
furniture. 


Thirty-three  ladies  registered  for  the 
meeting  attended  events  on  Wednes¬ 
day  which  included  visits  to  three 
famed  private  gardens  in  the  Memphis 
area  and  a  luncheon  at  the  Chickasaw 
Country  Club. 

Wood  Machining 

The  final  morning  technical  session, 
arranged  and  directed  by  L.  A.  Patron- 
sky,  presented  a  group  of  papers  on 
wood  machining. 

The  opening  paper  was  given  by 
C.  C.  Chekouras,  Manager,  Cutterhead 
and  Knife  Department  and  Carbide 
Saw  and  Tool  Department,  Yates- 
American  Machinery  Company,  Beloit, 
Wis.  The  title  of  the  paper  was  "De¬ 
signing  cutterheads  for  maximum  pro¬ 
duction.” 

C.  E.  Drake,  President,  Drake  Cor¬ 
poration,  St.  Louis,  Mo.,  discussed 
"Tungsten  carbide  can  increase  pro¬ 
duction.” 

Another  interesting  treatise  on 
tungsten  carbide  tooling  was  given  by 
Steven  P.  Koczan,  Engineer,  The 
Singer  Manufacturing  Company,  South 
Bend,  Ind.,  in  his  paper  "Summary 
of  the  use  of  tungsten  carbide  tipped 
woodworking  tools  in  regular  produc¬ 
tion.”  Koczan  compared  overall  costs 
between  steel  and  carbide. 


A  Memphis  man,  Sydney  R.  Miller, 
Jr.,  Production  Engineer,  £.  L.  Bruce 
Company,  wound  up  the  session  with 
his  paper  on  "High  speed  production 
of  flooring”.  Mr.  Miller  outlined  the 
parts  played  in  a  high  speed  operation 
by  the  raw  material,  human  element 
and  machinery  involved. 

Preservation,  Housing 

The  concluding  session,  Wednesday 
afternoon,  was  opened  by  Dr.  R.  H. 
Baechler  of  the  U.  S.  Forest  Products 
Laboratory  with  his  discussion  of 
"Effects  of  treating  variables  on  ab¬ 
sorption  and  distribution  of  chemicals 
in  pine  posts  treated  by  double  diffu¬ 
sion.”  The  paper  dealt  with  a  simple, 
inexpensive  wood  treating  method  in¬ 
volving  water  soluble  preservatives  for 
fence  posts  that  shows  promise  for 
treating  construction  lumber. 

Monie  S.  Hudson,  Research  Chem¬ 
ist,  Taylor-Colquist  Company,  Spartan¬ 
burg,  S.  C.  checked  in  with  an  inter¬ 
esting  paper  on  "Recovery  of  organic 
solvents  from  wood  pressure  impreg¬ 
nated  with  solutions  of  copper  naph- 
thenate  or  pentachlorophenol.”  Mr. 
Hudson  described  means  of  recovering 
valuable  treating  chemicals  and  im¬ 
proving  the  utility  of  wood  that  has 
been  treated. 


CARR,  ADAMS  &  COLLIER  CO. 

DUBUQUE,  IOWA 


Superior  Unit  Wood  Windows  •  Bilt-Well  Interior  Doors  •  Bilt-Well  Exterior  Doors  • 
Nu-Style  Kitchen  Cabinets  •  Bilt-Well  Entrances  •  Bilt-Well  Shutters  •  Clos-tite  Case¬ 
ments  •  Bilt-Well  Combination  Doors  •  Bilt-Well  Basement  Windows  •  Bilt-Well  Louvres 
and  Gable  Sash  •  Carr-dor  Overhead  Garage  Doors  •  Bilt-Well  Corner  Cabinets  •  Bilt- 
Well  Storm  Sash  •  Bilt-Well  Screens  •  Bilt-Well  Storm  and  Screen  Unit  •  Bilt-Well 
Ironing  Board  Cabinets  •  Bilt-Well  Mantels  •  Bilt-Well  Telephone  Cabinets  •  Bilt-Well 
Stair  Parts  •  Bilt-Well  Unit  Linen  Cabinets. 
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Durez  makes  phenolic  nL  Ai  m 

now  used  more  and  more  to  increase  the 


usefulness  and  the  value  of 

forest 

products 

We  will  gladly  give  you  the  benefit  / 
of  our  experience  in  working  with  wood 
industry  leaders  in  solving  problems 
that  involve  the  use  of  resins  in  X 


Assembly  Gluing 
Compreg 
Impreg 

Pulp  Resin  Preforms 
Wood  Waste  Bonding 


Write  DUREZ  PLASTICS  &  CHEMICALS,  INC, 
3912  Walck  Road,  North  Tonawanda;  N.  Y. 
Specialists  in  developing  and  producing 
phenolic  materials  for  more  than  30  years. 


B 

MOLDING  COMPOUNDS 

PHENOLIC 

RESINS 

INDUSTRIAL  RESINS 

B 

PROTECTIVE  COATING  RESINS 

PHENOLIC  RESINS  THAT  FIT  THE  JOB 
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WOOD  PRESERVATIVES 

for  every  purpose 


•  DECAY! 


STAIN! 


•  TERMITES! 


•  MOISTURE! 


SALES  AGENTS 

MONSANTO  CHEMICAL  CO. 
SANTOPHEN  20  (Pentachlorophanol.) 

VnrANDOTTE  CHEMICAL  CO. 
NOXTANE  (Sap  Stain) 

EFURD  MACHINE  &  WELDING  CO. 
HURRICANE 

Peelers.  Framers.  Trams,  etc. 


lUOOD-TJSERTIIIG 


5137  Southwest  Ave. 
St.  Louis  10.  Mo. 


"Air  seasoning  of  California  red¬ 
wood”  was  presented  by  Victor  H. 
Clausen,  Engineer,  California  Red¬ 
wood  Association,  San  Francisco,  Calif. 
This  paper  reported  on  studies  by  his 
association  looking  to  the  development 
of  optimum  spacing  of  drying  yard 
piles  using  modern  package  handling 
of  lumber. 

Improved  kiln  drying  schedules  as 
worked  out  for  two  important  south¬ 
ern  hardwoods  were  described  by  John 
M.  McMillen,  Technologist,  Forest 
Products  Laboratory,  Madison,  Wis., 
in  his  paper,  "Kiln  drying  water  and 
swamp  tupelo.  Various  separations  by 


species  and  of  sap  and  heartwood  were 
suggested  as  well  as  measures  for  con¬ 
trol  of  warping  and  casehardening. 

Gc-orge  W.  Stanley,  Jr.,  General 
Manager,  Rice  and  Adams  Equipment 
Division,  Pressed  Steel  Car  Company, 
Inc.,  Buffalo,  N.  Y.,  described  houses 
of  pl)nvood  and  lumber  in  his  paper 
"Relocatable  housing. — ^Some  early  his¬ 
tory  and  a  present-day  example  at 
Camp  Stewart,  Georgia,”  were  cited. 

A  special  feature  of  this  session  was 
the  presentation  by  Eric  L.  Ellwood, 
Melbourne,  Australia,  of  his  prize  win¬ 
ning  graduate  Wood  and  Wood  Prod¬ 
ucts  Award  paper. 


The  above  session  was  arranged  by 
Roy  M.  Carter,  Chairman  of  the  FPRS 
subject  matter  committees  and  profes¬ 
sor  at  North  Carolina  State  College, 
Raleigh,  N.  C  . 

The  1954  annual  meeting  of  the 
Forest  Products  Research  Society  is 
scheduled  for  May  5,  6,  7,  1954  at 
Grand  Rapids,  Michigan.  In  conjunc¬ 
tion  there  will  be  held  the  "1954 
Woodworkers  Industry  Show”  a  full- 
scale  machinery  and  supplier  exhibit. 
FPRS  is  cooperating  with  the  Show 
on  arrangements.  Non-members  an 
cordially  invited  to  attend  both  ot 
these  events. 


Our  Efforts  Are  Directed  Toward  Forests  for 
Today  and  for  Future  Generations 


SIMPSON  LOCOING  COMPANY 

Executive  Offices — Seattle,  Washington 
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Report  of  1953  Annual  Business  Meeting 


The  seventh  annual  business 
meeting,  held  in  the  Ballroom  of 
the  Peabody  Hotel,  Memphis,  was 
called  to  order  by  President  K.  G. 
Chesley  at  11:00  a.m.,  Monday,  June 
15,  1953.  Approximately  75  members 
were  in  attendance. 

1.  Minutes  of  Previous  Meeting 
The  preceding  annual  business 
meeting  was  held  in  Milwaukee,  Wis¬ 
consin,  June  24,  1952;  and  the  min¬ 
utes  were  published  in  the  Dec.  1952 
Journal  of  FPRS.  No  corrections  or 
additions  having  been  offered,  it  was 
moved,  seconded  and  passed  that  they 
be  accepted. 

2.  ANNUAL  REPORT  OF  EXEC¬ 
UTIVE  SECRETARY 

This  is  the  report  of  a  year  that  has 
marked  steady  progress  in  F.P.R.S. 
affairs.  In  it  are  recorded  briefly  some 
of  the  principal  developments  and 
events,  including  actions  of  the  Execu¬ 
tive  Board  on  matters  of  policy. 

One  of  the  most  important  mile¬ 
stones  in  this  progress  has  been  the 
steady  growth  of  F.P.R.S.  technical  ac¬ 
tivities.  During  1952,  subject  matter 
committees  covering  diverse,  yet  re¬ 
lated  fields,  such  as  education,  wood 
drying,  glues,  machining,  wood  finish¬ 
ing,  quality  control  and  wood  compo¬ 
sition  board  were  activated.  Through 
this  kind  of  progressive  technical  ac¬ 
tivity,  the  F.P.R.S.  is  establishing  a 
definite  place  in  the  scientific  and  eco¬ 
nomic  fabric  of  the  nation.  When  we 
consider  the  present  instability  of 

world  peace . the  dynamic  changes 

which  are  taking  place  in  living  stand¬ 
ards  of  people  all  over  the  world  .... 
mass  struggles  of  all  nations  for  equal¬ 
ity  of  economic,  political  and  social 
opportunity  ....  and  when  we  further 
consider  the  spiraling  need  for  conser¬ 
vation  of  our  own  country’s  raw  ma¬ 
terials,  it  is  clear  to  see  how  the  Forest 
Products  Research  Society  contributes 
an  important  basic  service  to  our  na¬ 
tion,  by  encouraging  more  research, 
and  wiser  utilization  of  our  forests. 
The  work  of  our  many  committees  and 
tliat  work  demonstrated  in  our  section 
meetings  contributes  to  the  welfare  of 
our  industry  and  our  people. 

Pechnical  Activities 
The  real  and  full  reports  of  F.P.R.S. 
‘ochnical  activity  will  be  written  in  the 
'  ealth  of  information  uncovered  here 
t  Memphis  in  committee  meetings  and 
;  1  the  various  publications  and  other 
i  icetings  of  the  society.  Credit  for  the 


phenomenal  growth  of  F.P.R.S.  tech¬ 
nical  activities  belongs  to  the  chairmen 
and  members  of  such  committees  and 
to  the  men  who  have  foreseen  the  need 
— former  board  member,  Richard 
Hertzler,  past  president  Roy  M.  Carter 
and  our  president,  Kenneth  G.  Ches¬ 
ley.  In  addition  to  the  established  com¬ 
mittees,  1952  saw  the  Executive  Board 
endorse  additional  ones  in  the  fields 
of  packaging,  logging  and  saw  milling 
and  mechanical  utilization  most  of 
which  are  meeting  this  week. 

To  clarify  F.P.R.S.’  position  in  the 
function  of  establishing  standards  for 
any  segment  of  the  wood  using  indus¬ 
tries,  the  Executive  Board  adopted  the 
following  policy:  "The  F.P.R.S.  will 
not  take  an  active  part  in  having  rep¬ 
resentation  on  any  committee  con¬ 
cerned  with  the  establishment  of  stand¬ 
ards  or  specifications  except  at  the  re¬ 
quest  of  other  recognized  technical 
societies.” 

Section  and  Related  Activities 

Our  six  regions  and  thirteen  sections 
have  functioned  well  during  the  year. 
Total  number  of  sections  increased 
from  11  to  13  when  the  Eastern  Ca¬ 
nadian  and  Ohio  Valley  sections  were 
chartered.  Twelve  of  the  thirteen  sec¬ 
tions  have  held  one  or  more  meetings 
during  the  year  and  one  section,  the 
Northeast,  held  four  regular  and  ex¬ 
tension  meetings.  It  should  be  noted 
that  one  of  the  primary  purposes  of 
F.P.R.S.  sections  is  to  meet  the  re¬ 
quirements  of  the  local  forest  products 
industries,  as  well  as  to  advance  the  in¬ 
terests  of  the  Society  in  such  areas. 

The  accompanying  table  lists  all 
twenty  of  the  section  meetings  held 
during  the  year  with  notes  on  their 
features: 

1952 

April  15 — Great  Lakes  Section, 
Grand  Rapids,  Mich. 

April  23 — Pacific  Southwest,  Los 
Angeles,  Calif. 

May  9 — Northern  California,  San 
Francisco,  Calif. 

May  22  &  23 — Northeast,  York,  Pa. 

June  23,  24,  25 — National  Meet¬ 
ing,  Milwaukee,  Wis. 

August  7 — Midwest,  Madison,  Wis. 

September  19 — Ohio  Valley,  Louis¬ 
ville,  Ky. 

Oct.  9  &  10— Midwest,  Clinton, 
Iowa 

Oct.  17  &  18  Florida,  Georgia, 
Alabama,  Radium  Springs,  Ga. 

October  28 — Pacific  Northwest, 
Vancouver,  B.  C. 


October  31 — ^Northern  California, 
Sacramento,  Calif. 

Oct.  31  &  Nov.  1 — Great  Lakes, 
Ann  Arbor,  Mich. 

Nov.  7 — Carolina-Chesapeake,  Ral¬ 
eigh,  N.  C. 

Nov.  7  &  8 — Deep  South,  Baton 
Rouge,  La. 

Dec.  4  &  5 — Northeast,  New  York, 
N.  Y. 

Dec.  8 — Northeast,  Jamestown, 
N.  Y. 

Dec.  9 — Upper  Mississippi,  Wau¬ 
sau,  Wis. 

1953 

Feb.  2  &  3 — Pacific  Northwest,  Ta¬ 
coma,  Wash. 

Mar.  5  &  6 — Eastern  Canadian, 
Montreal,  Canada 

Mar.  30 — Northeast,  Boston,  Mass. 

Time  does  not  permit  recognizing 
each  of  these  meetings.  Suffice  it  to  say 
that  they  covered  the  area  from  south¬ 
ern  California  to  Vancouver,  British 
Columbia,  and  from  Radium  Springs, 
Georgia  to  Montreal,  Canada,  serving 
thousands  of  persons.  President  Ches¬ 
ley  was  a  guest  of  honor  or  principal 
speaker  at  meetings  in  Milwaukee, 
Louisville,  Clinton,  Iowa;  Baton 
Rouge,  La.;  and  more  recently  in  the 
Pacific  Northwest.  The  important  busi¬ 
ness  of  his  own  company  required  that 
in  several  cases  he  curtail  plans  to 
visit  section  meetings.  First  meetings 
of  the  society  were  held  in  a  number 
of  cities,  among  them  York,  Pa.,  Louis¬ 
ville,  Ky.,  Wausau,  Wis.,  Clinton, 
Iowa,  Radium  Springs,  Ga.,  Sacra¬ 
mento,  Calif.,  Ann  Arbor,  Mich., 
Jamestown,  N.  Y.,  Baton  Rouge,  La., 
and  Montreal,  Canada. 

The  Executive  Secretary  made  sev¬ 
eral  trips  during  the  year,  principally 
to  contact  advertisers  but  also  to  meet 
our  members.  Trips  took  him  to  the 
greater  Chicago  area,  to  Cincinnati, 
Louisville,  Nashville,  Memphis  and  St. 
Louis.  On  his  major  trip  east,  he  vis¬ 
ited  with  members  in  Atlanta,  Ash- 
ville.  High  Point,  Raleigh,  Washing¬ 
ton,  D.  C.,  Philadelphia,  New  York, 
Pittsburgh  and  Cleveland. 

‘sixth  National  Meeting 

The  Sixth  Annual  Meeting  at  the 
Hotel  Schroeder,  Milwaukee,  Wiscon¬ 
sin,  June  23,  24  &  25,  1952,  was  a 
success.  During  the  21/2  days,  624 
persons  were  registered,  coming  from 
37  states,  Canada  and  several  foreign 
countries. 
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Publications 

During  1952  the  Society  made  great 
gains  in  its  overall  publication  pro¬ 
gram,  bringing  to  fruition  the  long 
awaited  technical  journal  of  the  Forest 
Products  Research  Society,  which  was 
published  at  five  intervals  during  the 
year,  including  the  Annual  Proceed¬ 
ings  number  in  December.  Late  in  the 
year  the  JOURNAL  reached  its  pres¬ 
ent  professional  format.  During  1952 
plans  were  made  and  past  publications 
were  reviewed  for  the  19  loose-leaf 
"Wood  Technology  Series”  booklets 
arranged  by  subject  matter  and  which 
are  on  display  at  Memphis.  The  News- 
Digest  reflecting  the  growth  in  F.P.R.S. 
activities  was  expanded  from  4  to  8 
pages  per  month  with  a  corresponding 
increase  in  the  amount  of  useful  in¬ 
formation  contained  therein. 

Administration  and  Finance 

The  Executive  Board  met  at  three 
intervals  during  the  year — Milwaukee, 
Denver  and  here  in  Memphis.  Among 
important  actions  affecting  the  mem¬ 
bership  they  voted  to  create  a  separate 
JOURNAL  of  the  F.P.R.S.  The  first 
official  issue  of  our  own  publication 
came  out  in  April  1952.  In  September 
the  Board  voted  to  add  a  full  time 
editor  to  the  staff  of  the  Society  and 


to  put  the  JOURNAL  in  the  profes¬ 
sional  format  we  now  have.  Also  in 
September  the  Board  voted  to  incorpo¬ 
rate  and  recognize  the  organization  of 
the  Section  Officers  Advisory  Commit¬ 
tee  within  the  By-Laws  of  the  Society. 
This  action  now  gives  the  section  offi¬ 
cers  an  improved  and  more  direct  line 
to  the  Executive  Board  with  their  prob¬ 
lems.  It  makes  section  officers  every¬ 
where  a  part  of  the  national  "team”. 
In  addition  to  setting  up  various  tech¬ 
nical  committees,  the  Executive  Board 
created  and  approved  the  Section  Of¬ 
ficers’  Manual,  which  is  issued  to  the 
sections  for  their  guidance  and  growth. 

The  present  Executive  Office  staff 
comprises  the  time  of  four  full  time 
and  one  V2  persons.  In  addition, 
at  various  times  during  the  year,  we 
have  employed  other  persons  on  a  part 
time  basis.  What  functions  are  per¬ 
formed  in  the  Executive  Office?  First, 
we  administrate  and  coordinate  the  ac¬ 
tivities  of  the  national  organization, 
its  13  chapters  and  2,400  members. 
This  requires  an  extensive  record¬ 
keeping  system  and  considerable  cor¬ 
respondence  with  10  executive  board 
members,  82  section  officers  and  trus¬ 
tees  and  115  committee  heads  and 
members  throughout  the  country.  One 
of  our  staff  members  devotes  full  time 
to  maintaining  such  records.  Second, 


we  promote  income  through  the  sales 
of  advertising,  publications  and  mem¬ 
bership.  One  person  devotes  more  than 
half  of  his  time  to  the  bookkeeping  of 
the  Society.  Another  works  half  days 
on  filling  publication  orders,  handling 
and  maintaining  advertising  records, 
etc.  Third,  we  publish  and  publicize 
F.P.R.S.  activities.  Our  editor  is  con¬ 
cerned  with  the  details  of  obtaining 
section  and  national  papers,  having 
them  reviewed  and  getting  them  into 
print  in  our  JOURNAL.  He  reviews  a 
cross  section  of  current  publications, 
looking  for  news-worthy  material  for 
the  monthly  News  Digest.  From  the 
public  relations  standpoint,  the  Society 
conducts  a  News  Bureau — sending  out 
news  about  the  Society,  its  people  and 
its  activities  to  the  trade  magazines  and 
the  newspapers.  In  addition  to  these 
principal  activities  we  perform  many 
related  duties,  such  as  maintaining 
large  mailing  lists  and  rendering  per¬ 
sonalized  service  to  many  of  our  mem¬ 
bers  and  conducting  an  informal  em¬ 
ployment  service. 

Financially  we  started  the  1952  fiscal 
year  with  a  cash  balance  of  $16,100 
of  which  $12,321  represented  prepaid 
1952  dues  and  the  remaining  $3,598 
represented  accumulated  surplus  for  a 
needed  day  in  the  future. 
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Sid*  H*«d* 

Philbrick®  Culler  Heads — qeneraled  or  alt-circular  bil 
lypes  wllh  milled-lo-pallern  knives.  Slraighl  knives  tor 
surfacing.  All  heads  dynamically  balanced.  Available 
wilh  sell-centering  sleeves  or  cones. 


Cyliad*** 

Philbrick  Planer  Cylinders, 
dynamically  balanced  Wilh  or 
without  Integral  arbors.  Up 
to  16  knives  lor  heavy  leeds 


High  speed  flooring  machine  in  Tennessee  mill. 


Thin  Planer  Knives 

Dissteel  lor  soli,  alirasive 
Speed  Steel  for  hard  woods. 


tUp^n  Discs  and  Preiile  Heads 

Supplied  with  straight  or  qeneraled 
knives. 


Hep  Knives 

Top  iwrlorniers  in  con- 
verlimi  scrap  lumber 
Into  profits. 


Thick  Planer  Knives 

Fur  surlucinq  and  iiiouldinq.  In  two  types: 
inlaid  High  Speed  Steel,  and  inlaid  carbon 
steel. 


DISSTON  CHAIN  SAWS 


Wame  your  need — there's  a  Disston  product  to  fill  it ! 
For  Disston  manufactures  virtually  every  kind  of  wood¬ 
cutting  tool  and  accessory.  Each  product — from  cutter 
heads  to  hog  knives — is  precision-made  from  fine  steel 
by  craftsmen  who  are  expert  in  their  fields.  You  can 
count  on  Disston  tools  to  do  an  excellent  job — and  then 
some!  They  are  the  means  to  better  guality,  higher 
production,  and  lower  costs  in  your  plant. 


Disston  produces  a  complete  line  of  power 
chain  saws,  to  handle  all  cutting  jolis,  large  or 
small.  The  model  DA-211  with  9  H.P.  Mercury 
Gasoline  Engine  for  heavier  work,  is  available 
in  guide  rail  lengths  ol  2'  through  7'- 


The  model  DO-101,  wilh  H.P.  Mercury 
Gasoline  Engine,  is  popular  lor  light  two-man 
work,  and  liecomes  a  handy  one-man  unit  when 
tailstock  is  removed.  This  saw  available  in 
lengths  ol  20",  26",  32",  36"  and  40". 


HENRY  DISSTON  &  SONS,  INC 

Philadelphia  35,  Pa.,  U.  S.  A. 


During  the  year  total  receipts  came 
to  $83,384;  total  expenditures  to 
$70,452.  We  entered  the  present  fiscal 
year,  April  1,  1953,  with  a  cash  bal¬ 
ance  of  $29,033,  of  which  $22,671  was 
prepaid  1953  dues  and  $6,088  was 
surplus.  In  other  words,  we  made  a  net 
saving  of  $2,500  during  the  1952  fiscal 
year  operations. 

Membership 

During  the  fiscal  year  1952  the  net 
membership  increased  from  2,283  to 
2,285  members.  However,  it  should  be 
noted  also  that  this  reflects  also  a  net 
loss  of  90  students  offset  by  a  gain  of 
92  voting,  associate  and  supporting 
members.  Since  March  31,  1953  there 
have  been  115  new  members  added  to 
the  rolls,  bringing  the  total  to  2,399 
members — the  highest  total  in  the  his¬ 
tory  of  the  Society.  We  now  have  mem¬ 
bers  in  all  48  states,  U.  S.  possessions 
and  in  over  25  foreign  countries. 

Summing  up  it  can  be  truthfully 
said  that  we  have  made  important 
gains,  both  in  the  technical  content 
and  in  the  strengthening  of  administra¬ 
tion  during  the  Society  year.  We  have 
again  approached  the  new  fiscal  year 
with  our  Society  on  the  upward  cycle. 
The  challenge  to  ensuing  administra¬ 
tions  is  to  keep  that  goal  ever  upward. 


3.  Report  of  the  Audit  Committee 

The  committee  composed  of  Dr. 
E.  G.  Locke,  Geo.  Johnson  and  Chair¬ 
man,  Charley  Thompson,  met  with  ac¬ 
countants  Victor  Robert  and  Dan 
Richmond,  and  the  Executive  Secre¬ 
tary,  in  Madison,  May  20.  It  reviewed 
the  fiscal  year  operating  statement  and 
balance  sheet,  comparing  them  also 
with  those  of  1951-52  and  with  the 
1952-53  budget.  It  recommends  in 
the  future  eliminating  any  valuation 
placed  on  printed  matter  of  the  So¬ 
ciety  in  accordance  with  accepted 
practice. 

The  committee  recommends  the 
publication  of  Section  financial  state¬ 
ments  in  conjunction  with  the  annual 
national  report;  as  well  as  standardized 
Section  accounting  procedures  includ¬ 
ing  quarterly  statements  with  certified 
bank  balances.  It  recommends  correct 
usage  of  the  term,  fiscal  year.  The  pe¬ 
riod,  April  1952-March  1953,  is  the 
1953  fiscal  year.  It  recommends  that 
in  the  future  more  detailed  operating 
statements  be  made  available  to  the 
Audit  Gimmittee  to  include  audits  for 
previous  and  current  year,  and  budget 
for  pending  year.  Finally,  it  recom¬ 
mends  that  future  annual  budgets  con¬ 
tain  provision  for  both  anticipated  in¬ 
come  and  expenses  of  proposed  na¬ 
tional  meeting  for  such  year,  improv¬ 


ing  budgetary  control.  Such  budgeted 
item  to  be  made  up  by  Finance  com¬ 
mittee  with  subsequent  changes  pro¬ 
posed  by  National  Meeting  committee. 

The  committee  pointed  out  the  pos¬ 
sible  close  legal  relationship  between 
national  and  section  organizations,  and 
suggested  further  examination  into 
scope,  limitations  and  responsibilities 
of  each. 

The  report,  and  statements  as  pub¬ 
lished  in  the  News-Digest,  May,  1953, 
was  made  by  Dr.  Locke.  On  motion 
duly  made  and  seconded  it  was 
accepted. 

4.  Appointment  of  Tellers  Com¬ 
mittee 

Pres.  Chesley  appointed;  Ira  Hat¬ 
field,  R.  G.  Lennox,  A.  J.  Panshin, 

5.  D.  Pryce,  C.  F.  Van  Epps,  C.  White, 
and  G.  A.  Garratt,  Chairman. 

5.  Proposed  Constitutional  Amend¬ 
ments 

The  Executive  Board  in  session  in 
March,  1953,  recommended  two 
amendments.  Notification  was  mailed 
to  all  voting  members.  It  was  proposed 
that  Article  V,  Section  3,  be  changed 
to  read, 

"Article  V,  Section  3  .  .  . 

Dues  for  voting  and  associate 
members  shall  be  $15.00  per  year. 


MODEL  RC-1 


You,  too,  can  save  TIME  and  MONEY 

with  a  Delmhorst  Moisture  Detector! 

The  Moisture  Detector  "saves  the  kiln  operator  hours  .  . 

Reisen  Hardwood  Lumber  Co.,  Union,  N.  J. 

".  .  .  has  paid  for  itself  several  times.” 

Texarkana  Lumber  &  Supply  Company 

Some  Advantages  of  Delmhorst  Moisture  Detector  — ~~ _ 

•  Quickly  and  accurately  measures  moisture  content  of  ■ 
any  wood  product  from  6-65%. 

•  Direct  reading  in  percentages  on  large  454  inch  dial. 

No  calculations  required.  ■  | 

•  Interchangeable  electrodes  for  veneers,  plywood,  poles  f 

or  heavy  timbers.  I j 

•  Improves  dry  kiln  o(^ration — shell  and  core  tests  can 
be  made  without  cutting  lumber. 

FREE  BOOKLET  !  ~— “How  to  obtain  Accurato  Moisture  Content  Measure¬ 
ments  with  Your  Moisture  Detector.” 

Write  for  your  copy  today. 


SPOTNAILS  are  improving 
furniture  production  methods 


ONE  SHOT  NO-SPLIT 
NAILING! 

THE  SPOTNAILER  Light,  portable, 
virtually  indestructible  nailing 
machine  drives  nail-like  wire 
fasteners  in  sizes  from  3/16”  to 
1-1/8".  Use  Spotnails  for  fast, 
neat  assembly  of  case  backs,  /  j 
drawer  bottoms  and  slides,  ^  r 
panelling  and  dozens  of  other 
production  fastening  jobs,  p-.,/' 


rff 


THE  SPOTPINNER  The  fa-  - - 

miliar  round  12  or  15  gouge  sash 
pin  in  lengths  up  to  1-1/4” 
driven  with  one  blow  of  a  rubber  mallet.  Use 
Spotpins  for  pinning  glued  or  unglued  joints.  Chisel 
points  cut  through  grain  of  wood  to  avoid  splitting. 
Flush  driven  or  counter  sunk  without  hammer  marks. 


A  trial  in  your  own  plant  will  prove 
our  claims  of  better  work— lower  cost. 


delmhorstinstrumen^ompany]  y  spQtnails 


609  CEDAR  STREET  •  BOONTOfM,  NEW  JERSEY 
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w/tat  t/us-  TRADEMARK 

QUALITY  PLYWOOD.  Fine  Douglas  fir  from  Oregon’s  rain  forests. 
Modern  mills  and  machinery — manned  by  veteran  plywood  workers. 
Grademarking  and  trademarking — ;double  guarantee  of  quality. 

EXPERIENCED  MANUFACTURE.  Associated  is  a  pioneer  in  the  plywood 
industry,  with  a  third  of  a  century  of  plywood  manufacturing  experience. 
This  know-how  is  an  important  value  of  the  APMI  trademark. 

EFFICIENT  DISTRIBUTION.  Associated  maintains  its  own  warehouses  in 
major  building  areas.  This  insures  quick,  efficient  service  from  adequate 
stocks  plus  intelligent  on-the-ground  cooperation  from  experienced  APMI 
salesmen. 

INTEGRITY  OF  MANAGEMENT.  Honest  prices  and  fair  dealing  is  a  basic 
Associated  policy — always  has  been  and  always  will  be. 

PRODUCT  DEVELOPMENT.  Recent  new  Associated  products  that  have 
opened  up  new  markets  and  new  sales  opportunities  include  Sea  Swirl 
decorative  fir  plywood  (Select  and  Knotty),  Vertical  Grain  plywood,  Ply- 
ron.  Hardwood-faced  plywood  in  Birch  and  Lauan  Mahogany. 

ALL  OF  THESE  FACTORS  are  built  into,  and  are  a  part  of  the  Associated 
trademark.  Look  for  it  on  plywood  you  buy.  We  welcome  your  inquiries. 

ASSOCIATED  PLYWOOD  MILLS,  fnc. 

General  Offices:  Eugene,  Oregon  •  Plywood  plants  at  Eugene  and  Willamina.  Lumber  mill  at  Roseburg. 


BRANCH  SALES  WAREHOUSES: 

4268  Utah  St.,  St.  Louis,  Mo. 

4814  Bengal  St.,  Dallas,  Texas 
4003  Coyle  St.,  Houston,  Texas 
1026  Jay  St.,  Charlotte,  N.  C. 
Worley  Road,  Greenville,  S.  C. 

925  Toland  St.,  San  Francisco,  Col. 
Eugene,  Oregon 
Willamina,  Oregon 

SALES  OFFICES: 

31  State  Street,  Boston,  Mass. 

595  E.  Colorado  St.,  Pasadena,  Cal. 
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$2.00  of  which  will  be  returned  to 
the  Section  to  help  defray  admin¬ 
istrative  expenses.  Annual  dues  for 
the  fiscal  year  will  be  due  and  pay¬ 
able  on  or  before  April  1  of  each 
year.  Voting  and  associate  and  stu¬ 
dent  members  joining  between  Jan¬ 
uary  1  and  April  1  shall  automati¬ 
cally  be  members  for  the  next  fiscal 
year.  Voting,  associate  and  student 
members  joining  up  to  and  includ¬ 
ing  December  31  shall  receive  all 
publications  to  which  they  are  en¬ 
titled  of  that  fiscal  year.” 

"Article  V,  Section  3  .  .  . 

The  annual  dues  for  student 
members  shall  be  }>3.00  per  year.” 

The  proposed  amendments  would, 
(1)  eliminate  an  inequitable  and  cleri¬ 
cally  unwieldy  provision  for  electing 
to  pay  for  1/2  membership  late  in  the 
fiscal  year,  and  (2)  eliminate  restric¬ 
tions  on  student  publication  serv'ices 
in  the  event  that  the  Executive  Board 
voted  to  extend  broader  ser\^ices  to 
students. 

Dr.  Locke  moved,  duly  seconded 
that  proposed  amendment.  Article  V, 
Section  3,  be  further  amended  to  add 
the  phrase  underscored,  ”...  shall  re¬ 
ceive  all  publications  of  that  fiscal  year 
to  which  they  are  entitled"  This 


f 

amendment  is  necessary  because  at 
present  students  do  not  receive  all  pub¬ 
lications  of  the  Society.  Motion  car¬ 
ried. 

On  motion  duly  made  and  sec¬ 
onded,  the  amendment  was  carried. 

Fred  Dickinson  moved,  W.  B.  Wil¬ 
kins  seconded  the  adoption  of  the 
proposed  amendments  to  the  Consti¬ 
tution.  Motion  carried. 

6.  Report  of  Publications  Committee 

The  FPRS  has  made  considerable 
progress  in  developing  its  publications 
program  during  the  past  year.  One 
important  step  forward  was  the  addi¬ 
tion  to  the  national  office  staff  of  our 
first  full-time  publications  editor, 
Howard  J.  Rosenberry. 

Two  significant  changes  have  been 
made  in  the  JFPRS.  The  Journal  ap¬ 
peared  in  printed  form  for  the  first 
time  in  the  November  1952  issue.  The 
technical  articles  of  the  Society  were 
combined  into  one  publication  when 
the  proceedings  of  the  Milwaukee 
meeting  appeared  in  December  as  the 
Annual  Proceedings  number  of  JFPRS. 
We  believe  these  steps  will  enhance 
the  reputation  of  the  FPRS  and  im¬ 
prove  its  service  to  the  membership. 
We  must  all  strive  for  better  technical 
articles  in  our  publications,  however, 
if  we  are  to  progress. 


The  committee  recommends  a  con¬ 
tinuation  of  the  policy  that  section 
papers  be  edited  by  a  responsible  rep¬ 
resentative  of  the  Society  before  re¬ 
lease  to  the  trade  press.  However,  if 
the  paper  is  desired  only  for  abstract¬ 
ing  or  to  aid  the  reporter  in  accurately 
covering  the  section  meeting  then  an 
extra  copy,  if  available,  may  be  given 
him  directly.  We  recommend  further 
that  papers  presented  at  the  annual 
national  meeting  not  be  released  to  the 
trade  press  for  any  printing,  other  than 
brief  abstracts,  unless  the  article  has 
received  an  award  sponsored  by  a  trade 
journal.  We  suggest  that  the  section 
officers  be  adequately  informed  of  the 
procedure  to  be  followed  in  the  treat¬ 
ment  of  section  papers  so  that  they  may 
cooperate  effectively  with  the  national 
publications  committee  member  as¬ 
signed  to  cover  the  region  through 
which  the  section  operates. 

We  recommend  that  the  preprints 
of  papers  to  be  presented  at  the  an¬ 
nual  national  meeting  be  in  the  hands 
of  members  at  least  two  weeks  prior 
to  the  meeting.  Papers  not  submitted 
soon  enough  to  meet  this  deadline 
should  be  given  out  at  registration 
time.  It  is  unfair  to  an  author  who 
submits  his  article  by  the  deadline  set 
by  the  program  committee  to  be  de¬ 
prived  of  the  opportunity  of  having 


HAMMOND  LUMBER  COMPANY 

417  MONTGOMERY  STREET  SAN  FRANCISCO,  CALIFORNIA 

MANUFACTURERS  and  DISTRIBUTORS 
of 

CALIFORNIA  REDWOOD 

Mills:  SAMOA  and  EUREKA,  CALIFORNIA 


i 

36  Distributing  Yards  in  Caliiomia  | 

EASTERN  SALES  OFnCE: 

SOUTHERN  CALIFORNIA  OFnCE; 

Hammond  Lumber  Co.,  Inc. 

Hammond  Lumber  Company  | 

35  East  Wacker  Drive 

2010  South  Alameda  Street  '> 

Chicago,  Illinois 

Los  Angeles,  California  1 

1 
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What's  the  most  outstanding 
feature  of 

vry  Menitt-Solem  equipment  ? 


PLYWOOD  PRESSES 


Advanced  Engineering  that 
meets  modern  production  ^ 
techniques  and  gives  long, 
trouble-free  service  I 


For  example,  you  con  buy  Veneer  Clippers  that 
cost  less  than  the  Merritt-Solem  Production  Veneer 
Clippers.  In  the  end,  these  low  cost  Veneer  Clip¬ 
pers  cost  you  more  than  the  few  dollars  difference 
you  pay  for  odvonced-engineered  Merritt-Solem 
Veneer  Clippers. 

Look  what  Merritt-Solem  Veneer  Clippers  offer 
for  the  few  extra  dollars:  Full  automatic  push  but¬ 
ton  control  for  simpler,  faster  operation  that  gives 
you  higher  quality  veneers;  Roller  bearings  in- 
stead  of  sleeve  bearings;  a  sturdy,  oil  welded 
steel  frame;  heavy  duty  long  life  motors  ...  oil 
these  for  longer,  more  dependable  service. 

You’ll  see  how  the  initial  investment  of  a  few 
dollars  more  will  cut  production  costs  by  hundreds 
of  dollars. 

ALL  Merritt-Solem  equipment  is  advanced  en¬ 
gineered  . . .  most  Merritt-Solem  equipment  costs 
no  more  than  ordinary  equipment. 

You’re  buying  right  when  you  buy  Merritt-Solem 
equipment.. .write  and  we’ll  send  you  information 
on  any  veneer  equipment  you  ore  interested  in. 

Veneer  Lathes  •  Reeling  and  Handling  Equipment  •  Drum 
Sanders  •  Plywood  Presses  •  Precision  Veneer  Jointers 
Steam  Engine  Drives  •  Gluing  Equipment  •  Knife  Grinders 
“DRYAD”  Veneer  Dryers  •  Accessory  Equipment 

MERRITT-SOLEM 

Division  of  Solom  Machine  Company 

121  S.  NIAGARA  ST.,  LOCKPORT,  N.  Y. 


PRODUCTION  VENEER  CLIPPERS 


SOIEM  ENDLESS  BED  DRUM 
SANDERS 


TRAVELING  HEAD 
VENEER  JOINTERS 


VENEERS  LATHES 
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his  paper  studied  in  advance  of  the 
session  so  that  spirited  discussion  may 
ensue.  We  recommend  continuance  of 
the  present  policy  in  JFPRS  of  using 
abstracts  obtained  from  other  selected 
abstract  journals. 

We  wish  to  thank  the  staff  of  the 
national  office  for  its  continued  efforts 
to  improve  the  standards  of  our  pub¬ 
lications.  In  conclusion,  the  chairman 
desires  to  express  his  appreciation  to 
the  other  committeemen  for  their  de¬ 
voted  cooperation  in  behalf  of  better 
publications  for  FPRS.  E.  A.  Behr, 
J.  S.  Bethel,  R.  A.  Cockrell,  J.  B. 
Grantham,  R.  C.  Rietz,  J.  F,  Saeman, 
F.  F.  Wangaard,  I.  H.  Isenberg, 
Chairman. 

1.  Report  of  Subject  Matter  Com¬ 
mittees 

General  Chairman,  Roy  M.  Carter, 
reviewed  the  organization  of  13  exist¬ 
ing  committees.  (See  individual  re¬ 
ports,  pages  00-00);  and  reminded 
the  membership  that  they,  as  indi¬ 
viduals,  are  privileged  to  participate 
in  the  work  of  these  committees.  He 
outlined  the  general  responsibilities  of 
the  committees  as  follows: 

1.  Serve  as  a  point  of  contact  be¬ 
tween  the  subject  matter  field  and  the 
FPRS  its  sections  and  members  through 
such  media  as  mec^tings,  publications. 


etc.,  as  may  be  available  to  the  Com¬ 
mittee  through  the  efforts  of  the  So¬ 
ciety. 

2.  Hold  an  annual  meeting  of  the 
Subject  Matter  Committee  to  review 
accomplishments  and  plan  future  ac¬ 
tivities.  (This  meeting  would  be  in 
conjunction  with  the  annual  FPRS 
meeting.) 

3.  Prepare  and  present  an  annual 
report  for  adoption  by  the  Society  and 
publication  as  a  part  of  the  proceed¬ 
ings  of  the  annual  meeting.  This  re¬ 
port  would  record  pertinent  informa¬ 
tion  of  significance  in  the  subject  mat¬ 
ter  field  of  interest  to  the  forest  prod¬ 
ucts  industry.  The  initial  report  of 
each  subject  matter  committee  would 
be  a  comprehensive  statement  defining 
and  recording  the  status  of  research 
and  development  activities  in  the  sub¬ 
ject  matter  field. 

4.  Develop  such  specific  material 
and  engage  in  such  activities  within 
the  scope  of  the  subject  matter  field 
as  is  considered  appropriate  by  the 
Committee. 

5.  Work  with  annual  meeting  Pro¬ 
gram  Chairman  in  planning  and  de¬ 
velopment  of  Technical  session  pro¬ 
gram  as  scheduled  by  the  Executive 
Board. 


8.  Report  of  Membership  Committee 

In  an  effort  to  refine  and  strengthen 
the  membership  activity,  a  tremendous 
amount  of  work  was  requested  and 
furnished  by  the  National  office.  This 
consumed  a  large  portion  of  the  year, 
and  the  revised  method  and  approach 
for  getting  members  can  take  some 
credit  for  the  very  substantial  gain 
that  is  shown  on  the  "Report  of  Net 
Membership  as  of  June  3,  1953”. 

First,  I  would  call  your  attention  to 
the  fact  we  have  now  passed  the 
2,400  figure  of  net  members.  The  fig¬ 
ures  speak  for  themselves,  but  I  would 
like  to  call  your  attention  to  the  stu¬ 
dent  membership  which  shows  a  de¬ 
cline  of  90.  The  other  classifications 
show  a  steady  increase. 

We  have  prepared  and  mailed  to 
each  National  Membership  Committee 
member  a  complete  analysis  of  mem¬ 
bership  by  kind  of  business,  broken 
down  by  states;  an  analysis  by  occu¬ 
pation,  also  by  state.  From  this  type 
of  information,  each  committee  mem¬ 
ber  will  analyze  the  actual  membership 
in  his  section  against  the  potential  by 
business  and  occupation.  Names  will 
be  selected  as  real  possibilities  for 
membership  from  this  potential,  and 
they  will  be  approached  with  a  pres¬ 
entation  of  preprints  concerning  their 
particular  activity  or  business.  These 
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Modern  essential  wood  processing  equipment 


ELLIOTT 


Elliott  Company,  with  a  vast  background  of  experience 
in  vacuum,  heat  transfer,  steam  and  electrical  en¬ 
gineering,  builds  modern  essential  equipment  for  use 
in  the  cycle  of  processing  and  treating  wood. 


In  addition  to  the  equipment  specially  noted  below, 


Write  for  complete  information  about  these  prod¬ 
ucts,  and  consult  Elliott  engineers  regarding  their 
application. 


Elliott  Company  has  developed  both  surface  and  baro¬ 
metric  condensers  for  use  in  connection  with  the  vacu¬ 
um  operation  of  wood  treating  cylinders.  These  con¬ 
densers  are  designed  to  meet  individual  specifications 
and  conditions  surrounding  the  specific  installation. 


Shown  here  is  an  Elliott  creosote  heater  installation. 
Below  the  heater,  note  the  Elliott  twin  strainer  that 
assures  clean  creosote,  and  the  Elliott  motor  driving 
the  pump.  This  combination  provides  reliability  and 
maintenance-saving  operation. 


Elliott  steam  jet  ejectors  can  pull  practiddly  any  re¬ 
quired  vacuum  in  any  required  time.  In  wood  proc¬ 
essing,  Elliott  single-stage  ejectors  are  usually  applied, 
but  where  higher  vacuum  is  needed,  multi-stage  units 
are  available.  At  left  is  shown  a  twin  two-stage  ejeaor. 
Elliott  ejectors  have  no  moving  parts,  require  no  lubri¬ 
cation,  and  can  be  installed  compaaly  in  any  location. 


Elliott  mechanical  drive  turbines,  with  a  solid  repu¬ 
tation  for  reliability,  are  available  where  steam  turbine 
drives  are  desirable. 
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preprints  are  available  from  the  Na¬ 
tional  office  and  will  be  bound  up  in 
complimentary  packets,  containing  lit¬ 
erature  describing  the  Society,  and  a 
membership  blank.  A  record,  copy  to 
the  National  office,  will  be  ke^  on 
the  distribution  of  this  material,  so 
the  National  office  will  be  in  a  posi¬ 
tion  at  all  times  to  institute  an  imme¬ 
diate  follow-up.  To  achieve  this  very 
necessary  follow-up  action,  it  is  pro¬ 
posed  that  a  part  time  employee  be 
engaged  for  the  sole  purpose  of  mem¬ 
bership  activity. 

In  concluding  this  report,  I  would 
like  to  thank  the  section  membership 
chairmen  who  compose  the  National 
Committee,  and  point  out  that  it  is 
through  the  efforts  of  men  such  as 
these  that  the  society  can  point  with 
pride  to  its  achievement  of  growth 
from  1261  members  on  March  31, 
1948  to  the  June  3,  1953  figure  of 
2350. — L.  J.  Carr,  Chairman. 

9.  Report  of  Resolutions  Committee 

(1)  In  recognition  that  the  success 
of  this  Seventh  Annual  Meeting  of  the 
Forest  Products  Research  Society  is  in 
a  large  measure  due  to  the  foresight, 
planning,  and  diligence  of  the  various 
responsible  committees,  and  in  par¬ 
ticular  of  the  Memphis  meeting  com¬ 
mittees. 


Be  it  resolved  that  the  Society  here¬ 
by  acknowledges  its  appreciation  to 
the  chairmen  and  the  members  of 
these  committees  for  their  excellent 
and  successful  work. 

(2)  In  appreciation  of  the  meri¬ 
torious  services  that  they  have  ren¬ 
dered  to  the  Forest  Products  Research 
Society  during  their  period  in  office, 

Be  it  resolved,  that  the  gratitude  of 
the  Society  be  extended  to  all  of  our 
outgoing  officers  including  executive 
officers.  Regional  Board  Members  and 
Section  officers. 

(3)  In  view  of  the  splendid  coop¬ 
eration  and  services  provided  by  our 
host  Hotel,  The  Peabody,  in  helping 
to  make  this  annual  meeting  a  success. 

Be  it  resolved  that  the  appreciation 
of  the  Society  be  extended  to  the  Man¬ 
agement  and  to  the  entire  staff  and 
that  a  copy  of  this  resolution  be  for¬ 
warded  to  the  Hotel. 

(4)  The  Society  records  with  deep 
regret  the  passing  during  the  past  year 
the  following  members:  Douglas  K. 
Bland  (killed  in  action,  Korea) ,  Thor- 
wald  A.  Carlson,  A.  R.  De  Burgh, 
Paul  K.  Guillow,  John  Thomas  Mc¬ 
Gee,  O.  S.  Porter,  C.  L.  Thompson, 
and  Dr.  Eric  Wahforss,  and  Don  L. 
Quinn. 

Be  it  resolved  that  this  expression 
of  sympathy  to  the  families  and  friends 


of  these  men  be  included  in  the  perma¬ 
nent  records  of  this  meeting  and  of 
the  Society.  (Those  assembled  ob¬ 
served  a  moment  of  silence) — R.  H. 
Bescher,  H.  R.  Evans,  E.  G.  Locke, 
Chairman. 

10.  1954  National  Meeting 

Pres.  Chesley  announced  that  the 
eighth  National  Annual  Meeting 
would  be  held  in  Grand  Rapids,  Mich¬ 
igan,  May  5,  6,  7,  1954,  in  coopera¬ 
tion  with  the  ”1954  Woodworkers  In¬ 
dustry  Show”  which  is  being  con¬ 
ducted  by  a  separate  organization, 
R.  Hiller  and  A.  Stuart  Co.  Both  or¬ 
ganizations  will  cooperate  fully  on 
hotel  arrangements,  meeting  room 
facilities,  and  timing  of  various  events 
so  that  participants  will  be  assured  of 
being  able  to  take  in  the  highlights 
of  both  the  FPRS  meeting,  and  the 
Industry  Show  without  conflicting  ar¬ 
rangements.  The  president  stated  that 
the  Industry  Show  having  the  full 
endorsement  of  the  Association  of 
Woodworking  Machinery  Manufactur¬ 
ers,  in  conjunction  with  the  Annual 
Meeting  of  the  Forest  Products  Re¬ 
search  Society,  means  that  probably 
FPRS  will  have  the  largest  attendance 
of  any  previous  National  Meeting  with 
additional  thousands  in  for  the  In¬ 
dustry  Show. 
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SEASONIHG  EQUIPMENT 

IN  OPERATION  TODAY 


CARLETON  WOOD  PRODUCTS,  PAYEUE,  IDAHO 


Set  all  the  lefts  dmt 
NEW  LOVSTED  TEMPERING  OVEN 

We  will  send  full  details  of  typical 
operation  working  successfully. 


BELLEVUE  DRY  KILN  CO.,  BELLEVUE,  WASHINGTON 


Look  to  the  engineers  of  C.  M.  Lovsted 
&  Co.  to  bring  your  own  lumber  sea¬ 
soning  to  efficient  operation. 

PROFITS  AHEAD  ....  WITH  LOVSTED 


LOVSTED 


DRY  KILNS 


Whatever  the  specific  problem  of 
lumber  seasoning,  there’s  a  solution 
in  some  type  of  Lovsted  Direct-Flo 
Kiln.  These  units  are  without  question 
the  most  efficient  kilns  in  operation 
today.  They  embody  such  specialized 
features  as  reversible  circulation  with 
fans  positioned  to  create  uniform 
drying  with  lowest  possible  power 
output. 


[.m.LOUSTED  &  [0.,  me. 

ENGINEERS  AND  MANUFACTURERS 
400D  W.  MARGINAL  WAY  •  SEATTLE  6,  WASH. 
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NEW  AadoK  Bending  Wochine 
Bends  Wood  Easily  ot  lower  Cost 


The  Laden  Bending  Machine  makes  reverse,  close 
double,  "S"  shaped — any  angle  bend  up  to  180° 
— in  plywood,  veneers,  hardboard  such  as  Mason* 
ite,  chipboard,  Telcwood,  metalfibre  board  lami¬ 
nates,  etc. 


Fast,  Simple  Operation  Cuts  Cost 

•  Panel  to  be  bent  rolls  automatically  under 
heavy,  heated  mandrel  (Thermostatically  con¬ 
trolled). 

•  Movement  oi  mondrel  is  actuated  by  adjust¬ 

able  weights  which 
WRITE  TODAY  for  dotoilod  control  speed  of 

information  and  liloroturo.  bending. 


24  Allen  Avenue,  St.  Louis  19,  Missouri 


So  simple  that  one 
operator  con  han¬ 
dle  two  machines. 
Now  used  in  many 
industries. 


11.  New  Business 

No  new  business  was  presented. 
President  Chesley  then  publicly 
thanked  his  Exc-cutive  Board,  the  Sec¬ 
tion  Officers,  various  Committees,  and 
the  entire  membership  for  their  sup¬ 
port  in  enabling  his  administration  to 
write  an  inspiring  chapter  in  the 
growth  of  FPRS. 

12.  Introduction  of  New  President 

Pres.  Chesley  introduced  incoming 
President  Pauley,  who  was  elected  to 
succeed  to  the  presidency  at  the  1952 
National  Meeting.  He  is  a  charter 
member  of  FPRS;  served  as  North¬ 
west  Regional  Board  Member, 
1948-51;  as  general  chairman  of  the 
1950  National  Meeting  and  Industry 
Show  at  Portland,  Oregon ;  as  Na¬ 
tional  Chairman  of  membership,  and 
of  finance;  and  as  National  Vice  Pres¬ 
ident  in  1951. 

Professionally,  he  is  the  manager  of 
Weyerhaeuser  Timber  Company’s  Spe¬ 
cial  Products  Division  of  Tacoma, 
Washington. 

Incoming  President  R.  D.  Pauley, 
after  his  introduction,  paid  a  glow¬ 
ing  tribute  to  Kenneth  Chesley,  in 
these  words:  "Scientific  background, 
broad  knowledge  of  wood  industries’ 
operations  and  a  sincere  desire  to  fur¬ 
ther  forest  products  research  have  con¬ 


tributed  to  the  successful  formula  of 
our  retiring  president.  Kenneth  G. 
Chesley,  Director  of  Research  for  the 
Crossett  Lumber  Co.,  Crossett,  Ark.,  is 
rounding  out  his  seventh  year  as  an 
officer  of  this  Society  and  the  current 
year  as  President. 

Since  his  installation  as  president  of 
our  2,400  member  international  or¬ 
ganization  at  the  National  Mc-eting  at 
Milwaukee  last  June  the  Society  has 
made  great  progress.  A  number  of 
active  committees  have  been  estab¬ 
lished.  FPRS  subject  matter  commit¬ 
tees,  made  up  of  specialists  in  each 
branch  of  forest  products,  such  as 
lumber,  plywood,  furniture,  educa¬ 
tion,  etc.,  are  meeting  and  correspond¬ 
ing  to  further  interest  in  their  specific 
fields  in  Society  meetings  and  affairs. 

Other  advancements  have  been  in 
the  establishment  of  a  national  tech¬ 
nical  Journal  for  the  industry  and  ex¬ 
pansion  to  a  full  time  editorial  staff. 
Two  new  chapters,  the  Ohio  Valley 
and  Eastern  Canadian,  have  been  added 
increasing  the  total  number  of  active 
chapters  in  the  U.  S.  to  13. 

Chesley  has  traveled  extensively  on 
Society  business  throughout  the  South, 
East,  Midwest  and  Pacific  Northwest. 
A  charter  member  of  FPRS  holding 
membership  No.  2  he  was  one  of  its 
founders  in  1947.  He  served  as  Ex¬ 
ecutive  Board  member  for  the  South 
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Central  Region  from  1947  to  1950 
and  was  elected  FPRS  Vice  President 
in  1950,  and  President-Elect  in  1951. 
The  Society  and  industry  he  has  served 
so  well  owe  a  great  debt  of  gratitude 
to  his  persevering  and  inspiring  lead¬ 
ership.” 

13.  Adjournment 
Meeting  adjourned  at  12:00  p.m. 


1953  FPRS  Subject  Matter  Committee  Reports 


EDUCATION— June  14— Chair¬ 
man,  R.  W.  Wellwood,  University 
of  British  Columbia 

The  first  hour  was  devoted  to  brief 
presentation  of  the  following  topics; 
What  kind  of  men  should  obtain  tech¬ 
nical  training  in  forest  products  tech¬ 
nology,  what  can  the  universities  do  to 
encourage  the  proper  men  to  enter  the 
field  of  forest  products  technology,  and 
what  can  the  FPRS  do  to  encourage 
the  proper  men  to  enter  the  field  of 
forest  products  technology? 

In  the  following  open  discussion  the 
following  motion  was  passed:  In  order 
to  improve  the  number  and  quality  of 
students  entering  the  schools  for  train¬ 
ing  in  forest  products  it  is  moved  that 
"the  Society  sponsor  a  brochure  aimed 
at  acquanting  high  school  students  and 
others  of  opportunities  in  technical 
training  in  preparation  for  a  career 
in  the  forest  products  industries.” 

The  problem  of  uniformity  in  the 
naming  of  degrees  in  forest  products 
and  other  curricula  was  discussed  and 
the  following  motion  passed:  That  "a 
committee  be  appointed  to  study  the 
feasibility  of  adopting  a  standard  name 
for  graduates  of  forest  products  or 
wood  technology  curricula.”  Results  of 
action  of  the  two  motions  will  provide 
adequate  material  for  discussion  at  the 
1954  open  meeting.  No  technical  ses¬ 
sion  is  suggested. 

During  the  year  the  committee  set 
up  rules  for  the  Wood  Award  compe¬ 
tition  and  arranged  for  the  judging 
of  the  papers  submitted. 

CHEMICAL  UTILIZATION— June 
15 — Chairman,  R.  C.  Sproull, 
Herty  Foundation  Laboratory 

The  chairman  set  forth  the  follow¬ 
ing  purposes  of  the  meeting:  (1)  Rec¬ 
ommend  to  FPRS  Executive  Board  the 
tenure  for  the  Chemical  Utilization 
Subject  Committee  Chairman  and  how 
to  select  such  officer,  (2)  Recommend 
to  FPRS  Executive  Board  the  length 
of  service  for  committee  members,  and 
(3)  Suggest  objectives  for  the  Com¬ 
mittee. 

It  was  voted  that  the  subject  com¬ 
mittee  recommend  to  the  Executive 
iloard  that  continuity  is  highly  desira¬ 
ble  and  that  this  continuity  be  accom¬ 
plished  by  an  annual  election  of  offi- 
ersi  namely,  vice-chairman,  and  sec- 
'ctary.  The  oflScers  can  be  reelected 
o  the  same  position.  The  officers  will 
•^e  elected  at  the  annual  meeting  and 
he  encumbent  officers  will  present  a 


name  in  nomination  for  the  office  of 
secretary  and  will  provide  opportunity 
for  other  nominations  at  the  annual 
election.  It  was  voted  that  R.  C. 
Sproull  serve  as  chairman  for  the  next 
two  years  and  that  at  the  next  annual 
meeting  a  vice-chairman  and  secretary 
be  elected  for  one  year  terms. 

It  was  voted  to  recommend  to  the 
Executive  Board  that  membership  of 
the  committee  be  appointed  annually 
with  reappointment  to  the  committee 
to  be  dependent  upon  active  participa¬ 
tion  in  committee  affairs. 

The  following  objectives  have  been 
established  for  the  Chemical  Utiliza¬ 
tion  of  Wood  Subject  Matter  Commit¬ 
tee:  (1)  Render  all  possible  assistance 
m  preparing  technical  sessions  on 
Chemical  Utilization  for  the  national 
meeting,  (2)  Encourage  and  assist  in 
scheduling  chemical  utilization  papers 
at  FPRS  section  meetings,  (3)  Work 
with  and  coordinate  FPRS  chemical 
utilization  activities  with  other  techni¬ 
cal  organizations  having  interest  in 
this  field,  (4)  Undertake  cataloging  of 
current  research  in  chemical  utilization 
of  wood,  and  (5)  provide  all  possible 
aid  to  prompt  commercialization  of  de¬ 
velopments  in  chemical  utilization  of 
wood. 

An  effort  will  be  made  to  have  a 
number  of  representative  papers  sub¬ 
mitted  to  the  Chairman  by  February 
1954.  These  papers  will  be  assigned 
to  a  review  board  by  the  Chairman  for 
selection  of  five  to  be  given  at  the  next 
national  meeting.  All  others  submitted 
will  be  submitted  for  publication  in 
the  FPRS  Journal. 

GLUES  AND  GLUING— June  15— 

Chairman,  Alan  Marra,  University 

of  Michigan 

Alan  Marra,  Chairman,  introduced 
the  general  aims  of  the  committee, 
namely  to  present  summaries  of  re¬ 
sults  of  current  technical  research  on 
gluing  wood  and  to  discuss  new  and 
improved  methods  of  research  in  this 
field. 

Professor  James  Bethel,  of  North 
Carolina  State  College,  gave  a  brief 
summary  of  new  work  being  under¬ 
taken  under  his  direction  to  investi¬ 
gate  the  possible  effects  of  high  tem¬ 
peratures  used  in  drying  certain  hard¬ 
wood  veneers  and  their  subsequent 
gluability  with  several  different  flour- 
extended  urea-resin  glues. 

John  Yavorsky,  of  New  York  State 
College  of  Forestry,  then  discussed 


probable  mechanical  stresses  that 
caused  in  edge-glued  lumber  panels 
under  moisture  content  changes  and 
suggested  that  much  of  such  glue- 
joint  failures  were  due  to  cleavage  on 
the  glue  line.  He  then  described  stud¬ 
ies  at  Syracuse  to  develop  a  simple 
cleavage-type  test  for  glue  joints  with 
particular  emphasis  on  investigations 
of  the  stress-strain  relationships  in  the 
wood  adjacent  to  the  glue  during  such 
cleavage.  This  work  is  just  getting  well 
started. 

Mr.  Edward  Hinken  of  the  Univer¬ 
sity  of  Michigan,  reported  on  his  in¬ 
teresting  investigation  of  the  effect  of 
glueline  thickness  on  the  tensile 
strength  of  the  joint  using  an  in¬ 
genious  gap-type  specimen  in  which 
a  known  positive,  hydrostatic  pressure 
was  applied  to  the  glueline  during 
curing.  This  permits  a  distinction  be¬ 
tween  external  clamping  pressure  and 
the  actual  bonding  pressure.  Data  were 
presented  for  several  types  of  glues  to 
illustrate  the  effect  of  glueline  thick¬ 
ness,  and  bonding  pressure  on  initial 
tensile  strength  and  to  show  the  effect 
of  aging  of  urea-resin  gluelines  of 
various  thicknesses  on  the  tensile 
strength. 

George  Marra,  of  Washington  State 
College,  discussed  studies  underway  in 
his  laboratory  to  develop  an  improved 
glue-joint  test  specimen  by  modifica¬ 
tions  of  the  conventional  plywood 
shear  specimen  and  discussed  the  need 
for  further  study  of  the  use  of  modern 
statistical  techniques  to  improve  samp¬ 
ling  for  glue-joint  tests. 

Dr.  R.  F.  Blomquist,  of  the  U.  S. 
Forest  Products  Laboratory  discussed 
the  various  factors  that  are  believed  to 
cause  deterioration  of  glue  joints  in 
different  types  of  service  and  then  out¬ 
lined  the  problems  in  adequately  simu¬ 
lating  these  effects  in  durability  tests 
under  controlled  and  partially  con¬ 
trolled  conditions  in  order  to  more  ac¬ 
curately  evaluate  the  durability  charac¬ 
teristics  of  the  various  woodworking 
glues.  Currently  used  methods  for 
evaluation  of  durability  of  glues  were 
discussed  and  the  need  for  well- 
coordinated  tests  of  actual  glued  wood , 
articles  in  actual  service  was  pointed 
out. 

Alan  Marra  requested  that  sugges¬ 
tion  on  the  scope  of  future  activities  of 
the  Committee  be  sent  to  him  and 
several  good  ones  were  immediately 
offered. 
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LOGGING  AND  MILLING— June 
15 — ^Temporary  Chairman,  Ros¬ 
well  D.  Carpenter 

Mr.  Roswell  D.  Carpenter  presided 
over  the  meeting  as  temporary  chair¬ 
man.  Mr.  Kenneth  C.  Compton,  Col¬ 
lege  of  Forestry,  Syracuse  was  nomi¬ 
nated  as  secretary  of  the  group. 

Ten  members  each  of  the  Logging 
committee  and  Sawmilling  committee 
were  presented. 

The  meeting  was  organizational  in 
nature,  outlining  the  objectives,  scope, 
and  duties  of  this  committee,  which 
were  adopted: 

(1)  To  provide  advice  and  guid¬ 
ance  to  the  officers  and  mem- 
ers  of  the  society  on  the  tech¬ 
nical  aspects  of  logging  and 
milling  relating  to  conducting 
the  affairs  of  the  society. 

(2)  To  assist  program  committees 
by  suggesting  speakers  and 
topics,  and  by  otherwise  aid¬ 
ing  in  the  development  of 
technical  programs. 

(3)  To  sponsor  and  encourage 
meetings  of  experts  engaged 
in  or  interested  in  the  subject 
of  logging,  and  milling  for 
informal  discussion  of  prog¬ 
ress,  methods,  and  problems. 


(4)  To  forward  the  objectives  of 
the  Forest  Products  Research 
Society  as  they  relate  to  log¬ 
ging  milling  procedures  by 
coordinating  the  activities  of 
Society  members  interested  in 
logging  and  milling  by  formu¬ 
lating  plans  of  action,  and  by 
otherwise  encouraging  activity 
in  this  technical  field. 

(5)  To  assist  and  participate, 
wherever  possible,  in  confer¬ 
ences,  demonstrations,  and 
programs  conducted  by  other 
agencies  and  report  all  such 
activities  to  FPRS  through 
this  Committee  in  regions 
where  you  are  located. 

(6)  To  direct  attention  to  the  ab¬ 
stracting  committee  to  articles 
and  reports  in  the  fields  of 
logging  and  milling  and  to 
submit  abstracts  to  this  com¬ 
mittee  as  occasion  indicates. 

(7)  To  inform  Regional  and  Na¬ 
tional  Trade  associations  in 
these  fields,  through  the  Na¬ 
tional  Secretary’s  office,  of  this 
committee’s  existence,  objec¬ 
tives,  and  desire  to  cooperate 
in  their  activities  in  the  fields 
of  logging  and  milling. 

(8)  To  work  in  close  cooperation 
with  other  subject  matter  com¬ 


mittees  of  the  Forest  Products 
Research  Society,  such  as 
Wood  Drying  and  Machining 
where  interests  of  these  com¬ 
mittees  are  in  common. 

(9)  To  select  sub-committees 
within  this  Committee  for  at¬ 
tention  to  particular  subjects. 
Such  sub-committees  to  in¬ 
clude  interested  individuals 
from  outside  this  Committee 
whenever  desirable. 

(10)  The  interests  of  the  Logging 
Section  of  this  committee  shall 
include  the  necessary  coordi¬ 
nation  between  logging  and 
forest  management. 

(11)  The  various  subjects  of  log¬ 
ging  and  milling  will  be  re¬ 
viewed  by  the  combined  Log¬ 
ging  and  Sawmilling  Com¬ 
mittee,  since  many  of  the  sub¬ 
jects  are  of  common  interest 
to  these  two  groups. 

Chairman  Carpenter  acquainted  the 
Committee  with  the  efforts  of  the 
American  Standards  Association,  Inc. 
in  the  field  of  "standardization  of  saw¬ 
mill  performance’’  to  reduce  waste. 

A  motion  was  adopted  recommend¬ 
ing  that  the  Forest  Products  Research 
Society  act  in  the  capacity  of  co-sponsor 
in  the  study  of  Sawmill  Standardiza- 
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tion  in  cooperation  with  the  following 
organizations; 

The  American  Society  of  Mechani¬ 
cal  Engineers 

The  National  Lumber  Manufactu¬ 
rers  Association 

American  Standards  Association, 
Inc. 

A  sub-committee  was  appointed  to 
review  the  subject,  cooperate  with  the 
above  organizations  concerning  the 
subject  and  report  back  to  this  Logging 
and  Sawmilling  Committee  their 
findings. 

A  sub-committee  was  appointed  to 
review  the  subject  of  a  "standardized 
unit  of  measure  for  chipped  wood.” 

QUALITY  CONTROL— June  15 

— Chairman,  Charles  Latimer, 

Nickey  Brothers 

The  minutes  of  the  1952  committee 
meeting  at  Milwaukee  were  read  and 
approved.  This  approval  included  the 
adoption  of  the  following  definition 
for  quality  control:  "Quality  control 
is  the  maintenance  of  quality  at  the 
desired  levels  by  predicting  future 
quality  based  on  an  analysis  of  recent 
quality  performance.” 

The  chairman  announced  that  the 
Society  had  established  a  policy  ruling 
out  the  establishment  of  standards  and 


test  techniques  as  a  committee  or  so¬ 
ciety  function. 

The  committee  voted  unanimously 
to  request  that  a  session  on  Quality 
Control  be  placed  on  the  agenda  of 
the  1954  Annual  Meeting  at  Grand 
Rapids,  Michigan,  with  the  stipula¬ 
tion  that  the  session  be  held  concur¬ 
rently  with  either  the  sessions  on  Log¬ 
ging  and  Milling,  Packaging,  or 
Chemical  Utilization,  avoiding  those 
other  sessions  where  there  is  a  wide 
over-lapping  of  interest.  The  chair¬ 
man  appointed  Richard  C.  Calahan 
to  obtain  a  keynote  speaker  for  the 
1954  session  on  Quality  Control, 
should  such  a  session  be  approved. 
The  committee  voted  unanimously 
against  circulation  of  a  questionnaire 
on  quality  control. 

The  committee  discussed  ways  and 
means  to  circulate  and  publish  short 
papers  dealing  with  specific  applica¬ 
tions  on  quality  control  in  the  wood 
using  industries.  It  was  agreed  that 
six  copies  of  such  papers  should  be 
submitted  to  the  committee  chair¬ 
man  and  that  these  could  be  circulated 
to  interested  parties.  Further,  it  was 
agreed  to  request  publication  in  the 
Journal  of  the  FPRS  of  such  papers 
as  are  deemed  to  be  of  sufficient  gen¬ 
eral  interest. 


WOOD  COMPOSITION  BOARD 

— June  15 — Chairman,  George  G. 

Marra,  Washington  State  College 

The  meeting  was  opened  with  a 
statement  regarding  committee  mem¬ 
bership  and  functions.  It  was  empha¬ 
sized  that  the  principal  function  of 
the  committee  is  to  keep  the  Society 
informed  of  progress  in  the  field  of 
composition  products  and  to  assist  the 
program  chairman  in  preparing  for 
the  national  meetings.  The  committee 
is  therefore  a  working  committee  and 
members  devote  time  and  effort  to 
the  job  when  called  upon.  The  mem¬ 
bership  of  the  committee  is  not  fixed 
and  anyone  who  wishes  to  actively 
contribute  his  knowledge  to  the  work 
of  the  committee  should  make  his 
desires  known  to  the  chairman.  It  was 
pointed  out  that  the  committee  can 
operate  most  effectively  with  represen¬ 
tation  from  all  segments  of  the  in¬ 
dustry. 

The  present  plan  is  to  hold  an  open 
committee  at  each  FPRS  national 
meeting.  Everyone  is  invited  to  attend 
these  meetings  and  any  suggestions  or 
comments  will  be  gratefully  received. 

Discussion  of  desirability  of  hold¬ 
ing  another  technical  session  at  the 
1954  national  meeting  resulted  in 
unanimous  approval  by  all  present.  It 
was  agreed  that  the  next  technical 
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session  be  general  in  nature,  rather 
than  follow  a  theme.  In  regard  to  the 
term  of  each  committeeman,  the  ma¬ 
jority  favored  a  3-year  term  with  op¬ 
tion  of  re-appointment.  The  commit¬ 
tee  voted  in  favor  of  electing  its  own 
chairman  each  year. 

It  was  recommended  that  the  com¬ 
position  of  the  committee  consist  of 
nine  men  representing  hardboard, 
chipcore,  softboard,  molded  products, 
resin  manufacturers,  equipment  man¬ 
ufacturers,  consumers  and  fabricators, 
and  sales  organizations. 

It  was  suggested  that  the  national 
office  circularize  the  membership  in 
order  to  compile  a  list  of  members 
who  wish  to  serve  on  particular  com¬ 
mittees.  Committee  vacancies  could 
then  be  filled  from  this  list  with 
greater  likelihood  of  acquiring  willing 
and  energetic  new  blood  on  commit¬ 
tees  when  the  need  arises. 

Since  committee  meetings  and  ses¬ 
sions  are  now  being  held  concurrently 
it  is  inevitable  that  some  conflict  of 
interest  should  develop.  As  far  as 
composition  board  is  concerned,  it  was 
felt  that  these  conflicts  might  be  mini¬ 
mized  if  program  planners  were  ad¬ 
vised  to  avoid  when  possible  sched¬ 
uling  concurrent  sessions  involving 
Glues  and  Gluing,  Chemical  Utiliza¬ 
tion,  and  Composition.  Board. 


WOOD  DRYING— June  15— Tem¬ 
porary  Chairman,  Fred  Dickinson, 

University  of  Michigan 

It  was  decided  that  if  the  chair¬ 
man  in  office  was  willing  to  serve  an 
indefinite  number  of  terms  he  should 
be  allowed  to  do  so.  A  new  chairman 
should  be  appointed  by  the  president. 
The  length  of  a  committee  member’s 
term  was  considered  and  it  was  de¬ 
cided  that  he  could  stay  on  as  long  as 
he  wished.  Any  new  interested  mem¬ 
bers  would  be  welcomed  till  at  such 
time  the  committee  got  too  large ;  then 
some  other  arrangement  could  be 
made. 

It  was  suggested  that  a  copy  of  the 
Wood  Drying  News-Digest  which  is 
distributed  to  members  of  the  various 
dry  kiln  clubs  through  the  secretaries 
of  these  groups  be  sent  to  each  mem¬ 
ber  of  FPRS  and  also  to  trade  papers. 
Good  papers  or  abstracts  from  the 
kiln  club  meetings  should  be  sent  to 
Rietz  for  distribution  in  this  or  some 
other  manner  to  the  kiln  clubs. 

The  subject  of  a  technical  session  at 
Grand  Rapids  next  year  seems  very 
probable;  a  series  of  papers  are  in  the 
making  and  we  feel  will  be  available 
by  then.  It  was  also  decided  that  a 
half-day  session  previous  to  the  open¬ 
ing  of  the  Grand  Rapids  forum 


should  be  considered  by  all  commit¬ 
tee  members.  It  was  also  considered 
a  must  that  Ray  Rietz  should  get  to¬ 
gether  with  committee  members  in  the 
section  in  which  he  is  traveling  to 
consolidate  ideas  throughout  the  year. 
If  a  committee  man  has  any  troubles 
to  hash  out  he  should  bring  all  in¬ 
formation  to  the  half-day  meeting  be¬ 
fore  the  next  technical  session. 

It  was  also  suggested  that  committee 
members  send  to  Ray  Rietz  suggestions 
for  research  suitable  for  either  labora¬ 
tory  or  field  study  and  that  such  sug¬ 
gestions  be  made  available  to  all  com¬ 
mittee  members  and  dry  kiln  clubs. 
Can  write  Bill  Pratt  for  sample  project 
sheet  as  an  example  of  how  to  prepare 
a  project  sheet. 

WOOD  FINISHING— June  15— 

Chairman,  B.  £.  Clatworthy,  Radio 

Corp.  of  America 

The  meeting  was  opened  by  Chair¬ 
man  Clatworthy  who  reviewed  the 
minutes  of  the  last  meeting  and  re¬ 
ported  on  the  response  to  the  ques¬ 
tionnaire  sent  out  to  furniture  manu¬ 
facturers. 

The  term  of  the  wood  finishing 
committee  chairman  was  agreed  upon 
as  not  less  than  two  years  and  not 
more  than  three.  It  was  agreed  that 
the  chairman  should  be  one  who  had 
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had  the  opportunity  of  observing  at 
least  one  year’s  work  of  the  previous 
chairman. 

The  committee  voted  that  there 
should  be  a  finishing  session  in  1954. 
There  will  be  at  least  three  papers  on 
furniture  finishing  at  the  Grand  Rap¬ 
ids  meeting. 

WOOD  MACHINING  AND 
EQUIPMENT— June  15— Chair¬ 
man,  L.  A.  Patronsky 

The  minutes  of  the  last  meeting  in 
Milwaukee  were  read  and  approved. 
As  the  members  at  the  Milwaukee 
meeting  had  appointed  an  active  com¬ 
mittee,  Mr.  Patronsky  brought  up  the 
subject  of  make-up  of  this  committee 
both  in  regard  to  duties,  numbers,  and 
the  manner  of  appointment.  Mr.  Stan¬ 
ley  suggested  that  the  General  Com¬ 
mittee  Meeting  be  open  to  all  inter¬ 
ested  parties  for  discussion  and  com¬ 
ments  but  that  the  active  committee 
itself  be  limited  to  a  few  members 
whose  responsibility  would  be  the  car¬ 
rying  out  of  the  recommendations 
brought  out  at  the  General  Commit¬ 
tee  meeting. 

Mr.  Patronsky  asked  Mr.  Carter  how 
the  present  committee  was  selected. 
Mr.  Carter  said  the  committee  and  the 
chairman  had  been  appointed  by  the 
President  of  the  Forest  Products  Re¬ 


search  Society  but  it  was  the  desire 
of  the  Executive  Board  that  the  com¬ 
mittees  should  recommend  to  the 
President  their  new  members  as  well 
as  their  recommendation  for  chairman. 

It  was  also  voted  that  the  active 
committee  be  made  up  of  eight  (8) 
members  and  a  chairman  and  that  two 
(2)  new  members  be  appointed  by 
the  chairman  each  year  to  replace  those 
who  have  served  previously. 

It  was  also  voted  that  the  present 
chairman  appoint  two  (2)  new  mem¬ 
bers  to  supplement  the  previous  six- 
man  committee  and  that  rotation  and 
recommendation  for  new  chairman  be 
started  after  the  present  year. 

Mr.  Patronsky  reviewed  the  work  of 
last  year’s  committee  in  arranging  for 
papers  for  the  present  meeting  in 
Memphis  and  emphasized  the  import¬ 
ance  of  that  contribution  by  the  Com¬ 
mittee.  The  1954  Annual  F.P.R.S. 
Meeting  will  be  a  combination  Wood 
Working  Show  and  Meeting.  It  is 
equally  important  that  a  good  wood¬ 
working  machine  program  be  pre¬ 
sented. 

The  preliminary  work  on  Nomen¬ 
clature  of  Saws  and  Knives  was  pre¬ 
sented.  After  some  discussion,  it  was 
decided  not  to  try  to  follow  A.S.A. 
Metal  Cutting  practice  for  terms  but 
keep  to  wood  terminology  where  pos¬ 


sible  and  use  existing  wood  literature 
as  a  guide.  The  Saw  and  Knife  forms 
as  submitted  were  to  be  reviewed  by 
two  sub-committees.  Mr.  R.  Reynolds 
for  the  Knife  Group  and  Mr.  N.  C. 
Bye  for  the  Saw  Group  will  submit  to 
Mr.  Patronsky  their  sub-committee  rec¬ 
ommendations  which  will  be  reviewed 
by  the  general  committee  before  re¬ 
leasing  for  trade  comments. 

WOOD  PRESERVATION— June 

15 — ^Acting  Chairman,  W.  N. 

Darwin,  TVA 

After  heavy  discussion  a  motion  was 
moved,  seconded,  and  carried  that  a 
subject  matter  committee  on  wood 
preservation  be  formed  and  that  such 
committee  prepare  annual  reports.  An¬ 
other  motion  was  carried  that  Acting 
Chairman  Darwin  and  Acting  Secre¬ 
tary  Lehrbas  remain  in  office  until  the 
official  committee  is  formed.  The  func¬ 
tion  of  the  newly  created  committee 
is  to:  (1)  Keep  before  the  FPRS  de¬ 
velopments  in  the  field  of  wood  preser¬ 
vation  of  interest  to  the  society,  (2) 
Assist  members  in  making  contacts  re¬ 
lating  to  sources  of  technical  infor¬ 
mation  on  wood  preservation,  (3) 
Serve  as  liaison  for  the  Society  with 
the  American  Wood  Preservers  As¬ 
sociation  and  others,  (4)  Call  atten¬ 
tion  to  developments  in  wood  preser- 
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vation  to  the  Society,  (5)  Coordinate 
with  committees  from  other  agencies 
such  as  the  BPIS&AE,  Bureau  of  En¬ 
tomology  &  Plant  Quarantine,  etc.,  and 
(6)  Advise  and  assist  in  developing 
programs  in  the  field  of  wood  preser¬ 
vation  for  the  National  and  Section 
meeting  of  the  FPRS. 

PACKAGING— June  16— Chair¬ 
man,  Earl  R.  Stivers,  Package  Re¬ 
search  Laboratory 

Mr.  Stivers  opened  the  meeting  with 
observations  on  the  economic  import¬ 
ance  of  packaging  to  industry  and  to 
consumers.  Billions  of  dollars  are 
wasted  because  of  loss  in  production, 
labor,  and  distribution  of  merchandise, 
due  to  faulty  packaging.  Enormous 
losses  in  material  were  sustained  dur¬ 
ing  World  War  II  due  to  inadequate 
packaging.  As  a  result  of  this,  train¬ 
ing  programs  at  the  Forest  Products 
Laboratory  were  initiated  and  the  vari¬ 
ous  branches  of  the  military  services 
set  up  their  own  laboratories.  Leading 
packaging  men  were  called  to  assist, 
and  independent  laboratories  asked  to 
solve  specific  packaging  problems. 

In  consequence  of  this  wartime  ac¬ 
tivity,  packaging  came  to  be  recog¬ 
nized  as  an  important  branch  of  in¬ 
dustry  and  the  military.  Packaging  men 
today  are  considered  part  of  manage¬ 


ment,  and  problems  in  packaging  are 
given  as  important  consideration  as 
production. 

Where  docs  FPRS  fit  into  the  pic- 
>ture?  It  should  avoid  duplication  of 
effort,  but  could  play  an  important  part 
in  promoting  materials  derived  from 
wood  for  packaging,  encouraging  re¬ 
search  and  education  and  stimulating 
industry  to  use  wood  more  efficiently 
and  economically  on  its  own  merits. 

What  should  be  the  functions  of 
this  committee?  It  could  encourage 
papers  and  technical  sessions  on  pack¬ 
aging,  disseminate  information  and 
educate  management  to  the  importance 
of  packaging.  It  was  proposed  that  the 
present  officers  of  the  committee,  E.  R. 
Stivers,  Chairman,  and  A.  J.  Panshin, 
secretary,  be  continued. 

Take  an  active  part  in  FPRS. 
Join  Subject  Matter  Commit¬ 
tees  that  cover  your  field  of 
interest.  Attend  Section  and 
National  meetings.  Contribute 
the  benefits  of  your  knowl¬ 
edge  and  experience  through 
presentation  of  papers  and  by 
taking  part  in  discussion.  Help 
the  industry  grow  through 
FPRS.  As  the  industry  grows, 
so  will  you. 


Sawmills 
Prefabricators 
Pressure  Treating 
Butt  Treating 


DOUGLAS  FIR  —  RED  CEDAR 
WESTERN  HEMLOCK 

Poles 

Piles 

Ties 

Timbers 


Cimbei* 

^Pl^/ewreiv 

Ft.  Trapp  Rd. 

NEW  WESTMINSTER,  B.  C.,  CANADA 


PAPER 

PULP 


Our  worldwide  distributing  network 
for  the  Paper  Industry  is  at  your  service 


PAPER  CORPORATION  o/' UNITED  STATES 

ROCKEFELLER  C  E  N  T  E  R  ~  I  N  TE  R  N  AT  I  0  N  A  L  ^\}\\.Z)\HQ>-630f/YthAue.,^af50'^St. 
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Better  Fasteninqs 

^cn 


There's  a  Stronghold  or  Screw-Tite  Noil  for  every  application,  each  one 
engineered  to  do  a  specific  job  better  than  any  nail  ever  did  it  before. 
Our  40  years'  experience  as  nail  makers  is  behind  them— and  our  reputation 
as  the  largest  manufacturers  of  threaded  nails  in  the  U.  S. 


THIS  CATALOG 


SENT 


*P>teef 


We  pioneered  the  development 
of  threaded  noils,  and  revolu¬ 
tionized  fastening  methods.  Get 
the  story!  Catalog  and  techni- 
col  data  free  on  request.  Write/ 


H^nghold  NAILS 

for  ivory  Phase  of  Construction 

Stronghold  Noils  odd  strength,  hold  permo- 
nently,  sove  mointenonce  costs.  Wood  fibres 
''lock**  with  the  scientificolly  designed 
threods.  Noils  con't  loosen.  Any  length  to 
6**;  ony  diometer  to  .310~tn  ony  metol,  ony 
finish,  for  ony  purpose. 


Stronghold-Screw  Fasteners 
FOR  DRY  WALL  CONSTRUCTION 

Give  permonently  trouble-free  fostening  for  gyp¬ 
sum  loth  ond  Dry  Woll  construction.  Never  "pop" 
to  couse  ploster  crocking  or  unsightly  "bumps" 
under  poper  or  point;- con't  work  out  or  loosen 
—ever!  Treoted  to  resist  rust.  Avoiloble  in  ony 
size-ony  metol  or  finish. 


SCRSW-TITF' MASONRY  NAILS 

tor  fastening  to  Cinder  ond 
L  Concrete  Blocks,  Brick,  Mortar 

4  nnd  similar  matorials 

iM  Made  of  high-carbon  steel,  heat 

llli  ^  treoted  and  tempered— won't  bend 
nil  ^  hreofc  in  hardest  materials.  The 

nil  Vl  K'CMifically  designed  threads  aid 
Un  I  driving— odd  to  holding  power. 


SCREW-TITE  TtdiU 

for  "Squeak-Prooi"  floors.  Stairs 

Floors  loid  with  Screw-Tite  Flooring  Noils  ore 
tighter,  smoother,  longer  losting— never  buckle, 
squeok  or  become  springy.  Screw-Tites  ore 
mode  of  high  corbon  steel,  heot  treoted  ond 
tempered— won't  bend  or  breok.  A  size  for 
every  floor. 


STRONGHOLD  UNDSRLAY  fLOOR  NAILS 

A  "must"  for  laying  smooth,  fight  underfloors  for  ^ 

linoleum,  asphalt  or  rubber  tile  or  corpet.  Strong-  ji 

hold  Noils  can't  work  up  to  cause  "bumps'*  or  a 
moke  holes  in  floor  covering.  Floors  never  get  ff 
squeoky  or  springy.  Specified  l>y  leoding  monu-  U 
focturers  of  floor  covering  moterkils— used  by  H 
prominent  floor  covering  opplkotors  from  coast » 
to  coost.  // 


STRONGHOLD  NAILS 

for  Asbottes  Siding  Shingles, 
Cedar  Shakes  and  Insulated 
Brick  Siding 

Never  "pop"  or  loosen;  hold  per¬ 
manently  tight.  In  bronze,  stoinless 
steel,  oluminum  and  other  metals. 
Available  in  matching  colors  in 
boked-on  lacquers  that  won't  chip 
or  come  off. 


INDEPENDENT  NAIL  and  PACKING  CO. 

7^  rdcHC 

BRIDGEWATER,  MASSACHUSETTS,  U.  S.  A. 
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FPRS  Officers  and  Committee  Heads 

( Continued  from  page  5) 


Eastern  Canadian  Section,  ’53 

Chairman — J.  H.  Jenkins,  Chief,  Forest 
Products  Division,  Forest  Products  Labora¬ 
tory,  Dept,  of  Resources  &  Development, 
Ottawa,  Ontario,  Canada. 

1st  Vice  Chairman — A.  R.  Colman,  Bell 
Telephone  Co.  of  Canada,  1050  Beaver 
Hall  Hill,  Rm.  1429,  Montreal,  Quebec, 
Canada. 

2nd  Vice  Chairman — H.  Stirling  Max¬ 
well,  y.  P.,  E.  J.  Maxwell,  Ltd.,  5080  St. 
Ambroise  St.,  Montreal,  Quebec,  Canada. 

Secretary — G.  W.  Andrews,  Forest  Prod¬ 
ucts  Laboratory,  Dept,  of  Resources  &  De¬ 
velopment,  Forestry  Branch,  Ottawa,  On¬ 
tario,  Canada. 

Treasurer — E.  1.  Holmes,  Bell  Tele¬ 
phone  Co.  of  Canada,  1050  Beaver  Hall 
Hill,  Room  1425,  Montreal,  Quebec,  Can¬ 
ada. 

Trustees — Peter  M.  Morley,  Gatineau, 
Quebec,  Canada;  Dr.  Jos.  Risi,  Quebec, 
Quebec,  Canada;  Prof.  Carson  F.  Morri¬ 
son,  Toronto,  Ontario,  Canada;  Kenneth 
O.  Roos,  Tee  Lake,  Quebec,  Canada;  Ar¬ 
thur  S.  Mitchell,  Toronto,  Ontario,  Can¬ 
ada;  Russell  B.  Call,  Waterloo,  Quebec, 
Canada;  George  Roy,  Ste.  Rose  (Laval), 
Quebec,  Canada. 

Florida-Georgia- Alabama  Section,  ’54 

Chairman — R  e  a  v  i  s  C.  Sproull,  Herty 
Foundation  Laboratory,  Savannah,  Georgia. 

Vice  Chairman — Dean  Boyd  Richards, 
Forestry  Department,  Alabama  Polytechnic 
Institute,  Auburn,  Alabama. 

Secretary-Treasurer — C.  M.  Kaufman, 
University  of  Florida,  Gainesville,  Florida. 

Trustees — Guy  H.  Wesley,  Jacksonville, 
Florida;  Spain  Willingham,  Macon,  Geor¬ 
gia;  Gus  Jacobson,  Talladega,  Alabama. 

Great  Lakes  Section,  ’53 

Chairman — Stephen  D.  Pryce,  John  Wid- 
dicomb  Company,  601  Fifth  Street,  N.  W., 
Grand  Rapids,  Michigan. 

1st  Vice  Chairman — George  D.  Meier, 
Haskelite  Manufacturing  Corporation,  701 
Ann  Street,  Grand  Rapids  2,  Michigan. 

2nd  Vice  Chairman — A  lexander  H. 
Stuart,  John  Widdicomb  Company,  601 
Fifth  Street,  N.  W.,  Grand  Rapids,  Michi¬ 
gan. 

Secretary — S.  B.  Preston,  University  of 
Michigan,  Ann  Arbor,  Michigan. 

Treasurer — G.  G.  Garlick,  Protection 
Products  Manufacturing  Co.,  Box  747,  Kal¬ 
amazoo  99,  Michigan. 

Inland  Empire  Section,  ’53 

Chairman — L.  V.  Brown,  Northwest 
Timber  Company,  Gibbs,  Idaho. 

Vice  Chairman — Howard  R.  Dix,  Ana¬ 
conda  Copper  Mining  Company,  Bonner, 
Montana. 

Secretary-Treasurer — John  W.  Titcomb, 
Potlatch  Forests,  Inc.,  Lewiston,  Idaho. 

Trustees — A.  D.  Decker,  Spokane,  Wash¬ 
ington;  C.  O.  Graue,  Coeur  d’Alene,  Idaho. 

Midwest  Section,  ’54 

Chairman — Carl  J.  Binner,  Morgan  Com- 
i  any,  Oshkosh,  Wisconsin. 

Vice-Chairman — W  a  y  n  e  Lewis,  U.  S. 
.  orest  Products  Laboratory,  Madison,  Wis- 
>nsin. 


Secretary — ^Ed.  R.  Rutledge,  Jr.,  Algoma 
Plywood  &  Veneer  Co.,  612  Fifth  St., 
Algoma,  Wisconsin. 

Treasurer — Hank  Puff,  Durez  Plastics  & 
Chemicals,  Inc.,  221  N.  LaSalle  St.,  Chi¬ 
cago  1,  Illinois. 

Trustees — George  Stanley,  Chicago,  Illi¬ 
nois;  Forrest  Beil,  Clinton,  Iowa;  Ted  Con¬ 
nelly,  Chicago,  Illinois;  Ralph  Casselman, 
Oshkosh,  Wisconsin;  Jack  Koellisch,  Chi¬ 
cago,  Illinois;  J.  F.  Saeman,  Madison,  Wis¬ 
consin. 

Northeast  Section,  ’53 

Chairman — Frank  Parrish,  Heywood- 
Wakefield  Company,  Central  Street,  Gard¬ 
ner,  Massachusetts. 

Vice  Chairman — Charles  R.  Lockard, 
Northeast  Forest  Experiment  Station,  Up¬ 
per  Darby,  Pennsylvania. 

Secretary-Treasurer— illizm  J.  Delm- 
horst,  Delmhorst  Instrument  Company, 
Boonton,  New  Jersey. 

Trustees — James  Tynan,  Chicopee,  Mas¬ 
sachusetts;  Chester  L.  Babcock,  New  York, 
N.  Y. ;  Newell  A.  Norton,  State  College, 
Pennsylvania;  P.  F.  DeSaix,  Niagara  Falls, 
New  York;  D.  K.  Saunders,  Westbrook, 
Maine;  R.  D.  Brooks,  Pittsburgh,  Penn¬ 
sylvania;  Eric  A.  Anderson,  Syracuse,  New 
York. 

Northern  California  Section,  ’53 

Chairman — Lee  Moffett,  Tarter,  Webster 
&  Johnson,  Inc.,  P.  O.  Box  1731,  Stockton, 
California. 

Vice  Chairman — James  C.  Rowney, 
Rowney  Machinery  Company,  600 — 16th 
Street,  Oakland,  California. 

Secretary-Treasurer — Homer  N.  Stephen¬ 
son,  Sacramento  Box  &  Lumber  Company, 
P.  O.  Box  1282,  Sacramento  6,  California. 

Trustee — Arthur  C.  Horner,  San  Fran¬ 
cisco,  California. 

Ohio  V'alley  Section,  ’54 

Chairman — Carl  Trinkle,  The  Baldwin 
Company,  1801  Gilbert  Ave.,  Cincinnati  2, 
Ohio. 

Vice  Chairman — D.  B.  Frampton,  Jr., 
Baker  Wood  Preserving  Co.,  Columbus, 
Ohio. 

Secretary — R.  M.  Garratt,  Gamble  Broth¬ 
ers,  Inc.,  Louisville,  Kentucky. 

Treasurer — Russell  W.  Green,  Union 
Furniture  Company,  210  W.  George  Street, 
Batesville,  Indiana. 

Trustees — Robert  Foot,  New  Albany,  In¬ 
diana;  William  Lakamp,  Cincinnati,  Ohio. 

Pacific  Northwest  Section,  ’53 

Chairman — Carl  A.  Rasmussen,  Western 
Pine  Association,  7733  S.  E.  13th  Avenue, 
Portland  2,  Oregon. 

Vice  Chairman — Walter  C.  Ring,  Long 
Bell  Lumber  Company,  Longview,  Wash¬ 
ington. 

Secretary-Treasurer — A.  L.  Bonutto, 
Monsanto  Chemical  Company, , Jill  West¬ 
ern  Avenue,  Seattle  4,  Washington. 

Trustees — H.  R.  Evans,  Tacoma,  Wash¬ 
ington;  J.  B.  Armstrong,  Vancouver,  B.  C. 


Pacific-Southwest  Section,  ’53 

Chairman — John  R.  Barnes,  Moisture 
Register  Company,  133  North  Garfield  Ave¬ 
nue,  Alhambra,  California. 

Vice  Chairman — Arthur  Koehler,  1969 
Thayer  Avenue,  Los  Angeles  25,  California. 

Secretary — Axel  V.  Pedersen,  3631  W. 
Vernon  Avenue,  Los  Angeles  8,  California. 

Treasurer — E.  S.  Feldman,  Furniture 
Mfrs.  Assn,  of  Southern  California,  2155 
E.  Seventh  Street,  Los  Angeles,  California. 

Trustee — Harold  W.  Jones,  Los  Angeles, 
California. 

Upper  Mississippi  Valley  Section,  ’54 

Chairman — William  A.  Kluender,  C.  & 
N.  W.  Railway  System,  275  E.  4th  Street, 
St.  Paul,  Minnesota. 

Vice  Chairman — Fred  Loveland,  Fred 
Loveland  &  Associates,  Route  1,  Chippewa 
Falls,  Wisconsin. 

Secretary — Ortie  LaVoy,  Weyerhaeuser 
Timber  Sales  Company,  First  National  Bank 
Bldg.,  St.  Paul,  Minnesota. 

Treasurer — Henry  Crandall,  Mosinee 
Paper  Mills  Co.,  Mosinee,  Wisconsin. 

Committees 

Publications  Committee,  1954 

Chairman — Edward  G.  Locke,  U.  S.  For¬ 
est  Products  Laboratory ;  J.  S.  Bethel,  North 
Carolina  State  College;  Jac  H.  Tigelaar, 
Haskelite  Manufacturing  Corp. ;  Robert  A. 
Cockrell,  University  of  California;  J.  B. 
Grantham,  Oregon  Forest  Products  Lab¬ 
oratory;  Arthur  B.  Anderson,  University  of 
California;  Monie  S.  Hudson,  Taylor-Col- 
quitt  Company;  F.  F.  Wangaard,  Yale 
School  of  Forestry;  Irving  H.  Isenberg,  In¬ 
stitute  of  Paper  Chemistry;  Eric  A.  Ander¬ 
son,  New  York  State  College  of  Forestry; 
E.  A.  Behr,  Chapman  Chemical  Company. 

1954  National  Meeting  Committee 

General  Meeting  Chairman — Dr.  J.  Al¬ 
fred  Hall,  U.  S.  Forest  Products  Laboratory. 

Program  Chairman — L.  J.  Carr,  L.  J.  Carr 
&  Co. 

National  Meeting  Chairman — Fred  E. 
Dickinson,  University  of  Michigan. 

General  Arrangements — S  t  e  p  h  e  n  D. 
Pryce,  John  Widdicomb  Company ;  Robert 
N.  Milham,  Stow  &  Davis  Company. 

Finance  and  Budget — Stephen  B.  Preston, 
University  of  Michigan. 

Publicity,  Chairman — George  F.  Herrity, 
Denman  Lumber  Company;  James  Jessup, 
Grand  Rapids;  Victor  Barnes,  Grand  Rap¬ 
ids. 

Ladies’  Events — Helen  Gleason,  Univer¬ 
sity  of  Michigan. 

1954  National  Nominating  Committee 

Chairman — Roy  M.  Carter,  North  Caro¬ 
lina  State  College;  James  F.  Hamilton, 
Methuen,  Mass.;  A.  R.  Colman,  Bell  Tele¬ 
phone  Co.  of  Canada;  A.  L.  Mottet,  Long¬ 
view,  Washington;  Frank  T.  Parrish,  Hey- 
wood-Wakefield  Co.;  R.  K.  Stem,  Chester 
B.  Stem,  Inc. 

Auditors  Committee,  1953 

Chairman — Charles  C.  Thompson,  J.  J. 
Fitzpatrick  Lumber  Co.;  George  W.  John¬ 
son,  Decar  Plastic  Corp.;  Edward  G.  Locke, 
U.  S.  Forest  Products  Laboratory. 
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Credentials  Committee 

Chairman — Kenneth  G.  Chesley,  Crossett 
Lumber  Company;  Eric  A.  Anderson,  New 
York  State  College  of  Forestry;  Forrest 
Beil,  Curtis  Co.,  Inc. 

Northeast  Regional  Nominating 
Committee 

Chairman — C.  F.  VanEpps,  Stromberg- 
Carlson  Company;  J.  Harry  Rich,  Univer¬ 
sity  of  Massachusetts;  Fred  Simmons,  For¬ 
est  Experimental  Station;  Upper  Darby, 
Pennsylvania;  A.  B.  Reclmagel,  St.  Regis 
Paper  Company;  J.  W.  B.  Sisam,  Univer¬ 
sity  of  Toronto. 

Northwest  Regional  Nominating 
Committee 

Chairman — W.  I.  West,  Oregon  State 
College;  George  G.  Marra,  Washington 
State  College,  O.  W.  Frost,  Forest  Fiber- 
board  Company ;  K.  G.  Fensom,  Univer¬ 
sity  of  British  Columbia;  Nelson  S.  Per¬ 
kins,  Douglas  Fir  Plywood  Assn. 


National  Membership 
Chairman — 1953 

Fred  R.  Armbruster,  Dow  Chemical 
Company,  Seattle,  Washington. 

Executive  Office 

Robert  N.  Smith,  Box  2010,  University 
Sta.,  Madison  5,  Wisconsin. 

Carolinas-Chesapeake  Section 

Prof.  Roy  M.  Carter,  North  Carolina 
State  College,  Raleigh,  North  Carolina. 


Deep  South  Section 

W.  L.  Lear,  Crossett  Lumber  Co.,  Cros¬ 
sett,  Arkansas;  Arne  K.  Kemp,  Louisiana 
State  University,  Baton  Rouge,  Louisiana. 

Eastern  Canadian  Section 

H.  Stirling  Maxwell,  E.  J.  Maxwell,  Ltd., 
Montreal,  Quebec,  Canada;  Dr.  Joseph 
Risi,  Universite  Laval,  Quebec,  Canada. 

Florida-Georgia-AIabama  Section 

Bruce  E.  Anderson,  Atlanta,  Georgia; 
Wilbur  B.  DeVall,  Alabama  Polytechnic 
Institute,  Auburn,  Alabama;  Jacob  B.  Huff¬ 
man,  University  of  Florida,  Gainesville, 
Florida. 

*  Great  Lakes  Section 

Alexander  Stuart,  John  Widdicomb  Co., 
Grand  Rapids,  Mich.;  E.  W.  Stark,  Purdue 
University,  Lafayette,  Indiana;  Fred  E. 
Dickinson,  University  of  Michigan,  Ann 
Arbor,  Michigan. 

Mid-West  Section 

Vern  Bergquist,  Rcichhold  Chemicals, 
Inc.,  Argo,  Illinois;. Lawrence  Leney,  Uni¬ 
versity  of  Missouri,  Columbia,  Missouri. 

Northeast  Section 

Paul  H.  Graham,  Clinic  of  Wood,  Man¬ 
chester,  New  Hampshire;  Raymond  J. 
Hoyle,  State  University  of  New  York, 
Syracuse,  New  York;  Newell  A.  Norton, 
Pennsylvania  State  College,  State  College, 
Pennsylvania. 

Northern  California  Section 

J.  W.  Rowney,  Rowney  Machinery  Co., 
Oakland,  California. 


Ohio  Valley  Section 

Rowland  M.  Garratt,  Gamble  Brothers, 
Louisville,  Kentucky. 

Pacific  Northwest  Section 

Earl  T.  McCarthy,  American  Marietta 
Co.,  Seattle,  Washington ;  Robert  W.  Well- 
wood,  University  of  British  Columbia,  Van¬ 
couver,  B.  C.,  Canada. 

Pacific  Southwest  Section 

Axel  V.  Pedersen,  Los  Angeles,  Cali¬ 
fornia. 

Upper  Mississippi  Valley  Section 

Howard  Olson,  St.  Paul,  Minnesota; 
Fred  P.  Loveland,  Chippewa  Falls,  Wis¬ 
consin;  Walter  Wallin,  University  of  Min¬ 
nesota,  St.  Paul,  Minnesota. 

Subject  Matter  Committees 

General  Subject  Matter  Committee 
Chairman — M  o  s  s  B.  Christian,  Chicago 
Mill  &  Lumber  Company,  Tallulah,  La. 

Chemical  Utilization 

Chairman — Reavis  C.  Sproull,  H  e  r  t  y 
Foundation,  Savannah,  Georgia;  Jerome  F. 
Saeman,  Madison,  Wisconsin;  Robert  W. 
Cairns,  Hercules  Powder  Company,  Wil¬ 
mington,  Delaware;  A.  H.  Vroom,  Weyer¬ 
haeuser  Timber  Company,  Longview,  Wash¬ 
ington;  Armin  Elmendorf,  Elmendorf  Cor¬ 
poration,  Chicago  6,  Illinois;  Harry 
Schwartz,  Canadian  Forest  Products  Lab¬ 
oratory,  Ottawa,  Ontario,  Canada;  M.  O. 
Schur,  Ecusta  Paper  Corporation,  Brevard, 
North  Carolina;  Herbert  B.  McKean,  Tim¬ 
ber  Engineering  Company,  Washington  6, 
D.  C.;  Arthur  B.  Anderson,  University  of 


RED  BLANKET 
LUMBER  CO.,  INC. 

Manujacturers  of 
OLD  GROWTH  DOUGLAS  FIR 
SAWMILLS  DRY  KILNS 

PLANING  MILL 

Sales  Agents: 

RED  BLANKET  LUMBER 
SALES 


Write  Us  For 
Information 

*  Multiple  Spindle  Gang  Borers 

*  Single  Spindle  Borers 

*  Horizontal  Borers  I 

*  Cable  Reel  Borers  I 

*  Crossarm  Borers  | 

\ 

•  •  F 

*  special  Sawing  &  Boring  Machinery  I 

*  Multiple  Panel  Reduction  Saws  I 

*  Lumber  Hoists  | 

j 

B.  M.  ROOT  CO. 


EAGLE  POINT,  OREGON 


450  Thompson  St. 
YORK,  PENNA. 


For 


On-the- 


Job 


Treatment  of  Lumber 


Applied  by  Brush,  Spray  or  Dip 

• 

Stops  Rot  and  Termites 
Reduces  Warping  and  Swelling 
Keeps  Plywood  Smoother 

• 


Cuprinol  is  the  original  copper — or  zinc — 
naphthenate  wood  preservative,  first  formu¬ 
lated  in  Denmark  over  40  years  ago.  But  in 
addition  to  its  naphthenate  base  it  contains 
other  ingredients  for  deeper  penetration, 
water  repellency,  quick  drying  and  lasting 
protection. 


For  Cuprinol  permits  on-the-job  replacement 
of  treatment  after  pressure  treated  lumber  is 
fitted — on  sawed  ends,  planed  surfaces,  in 
bolt  holes,  under  fastenings,  etc.  And  where 
a  preservative  is  desirable  but  pressure  treated 
lumber  is  unavailable,  Cuprinol  can  be  sub¬ 
stituted. 


It  is  Water  Repellent,  Fungus 

Primarily,  Cuprinol  treatment  will  stop  rot, 
mildew  and  fungus  accumulation,  and  deter 
termites  and  boring  insects.  But  because  Cup¬ 
rinol  is  also  water  repellent  it  reduces  the 
absorption  of  moisture  by  lumber  so  that 
fitted  mill  work,  doors,  windows,  frames  and 
flooring  for  all  practical  purposes  will  not 
swell,  shrink  or  warp.  On  plywood  this  water 
repellency  minimizes  grain  raising  and  sepa¬ 
ration  checks  to  provide  a  lasting  smoother 
surface  under  paint,  varnish  or  stain. 


Resistant— Safe  and  Easy  to  Use 

Cuprinol  does  not  leach  out,  and  one  coat  is 
sufficient.  It  is  non-toxic  to  the  skin,  and 
Cuprinol  treated  wood  is  harmless  to  ani¬ 
mals,  poultry  and  plants.  Cuprinol  treated 
wood  takes  paint  perfectly,  and  Cuprinol  is 
frequently  used  with  economy  to  eliminate 
a  priming  coat.  It  does  not  deteriorate  with 
the  opening  and  closing  of  cans  for  frequent 
use,  and  is  available  in  quarts,  gallons,  bulk 
or  concentrates.  Carried  by  Lumber  Dealers. 
Write  for  Information  Data  WP-1. 


CUPRINOL  Division,  Darworth  Incorporated,  Simsbury,  Conn. 
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California,  Berkeley,  California;  Lewis  C. 
Wallace,  Celanese  Corporation,  Browns¬ 
ville,  Texas ;  W.  Jeter  Eason,  N  i  c  k  e  y 
Brothers,  Inc.,  Memphis  12,  Tennessee. 

Forest  Products  Education 

Chairman — Robert  W.  Wellwood,  Uni¬ 
versity  of  British  Columbia,  Vancouver, 
B.  C. ;  F.  F.  Wangaard,  Yale  University, 
New  Haven,  Connecticut;  Alexis  J.  Pan¬ 
shin,  Michigan  State  College,  East  Lan¬ 
sing,  Michigan;  Everett  L.  Ellis,  Univer¬ 
sity  of  Idaho,  Moscow,  Idaho;  Charles  R. 
Sligh,  Jr.,  Sligh  Furniture  Company,  Grand 
Rapids,  Michigan;  Maurice  Hill,  Drexel 
Furniture  Company,  Drexel,  North  Caro¬ 
lina;  Harold  Moser,  Gamble  Bros.,  Inc., 
Louisville,  Kentucky;  Eric  A.  Anderson, 
New  York  State  University,  Syracuse  10, 
New  York;  Roy  M.  Carter,  North  Caro¬ 
lina  State  College,  Raleigh,  North  Carolina. 

Glues  and  Gluing 

Chairman — Alan  A.  Marra,  University 
of  Michigan,  Ann  Arbor,  Michigan;  Don 
Redfern,  American-Marietta  Company,  Se¬ 
attle,  Washington;  Chas.  B.  Hemming, 
U.  S.  Plywood  Corporation,  New  York  18, 
New  York;  Richard  A.  Blomquist,  U.  S. 
Forest  Products  Laboratory,  Madison  5, 
Wisconsin;  C.  F.  Van  Epps,  Stromberg- 
Carlson  Company,  Rochester,  New  York; 
E.  S.  Harrar,  Duke  University,  Durham, 
North  Carolina;  Thomas  H.  Cook,  Na¬ 
tional  Casein  Company,  Chicago,  Illinois. 

Logging  and  Milling 

Chairman — Fred  C.  Simmons,  U.  S.  For¬ 
est  Service,  102  Motors  Avenue,  Upper 
Darby,  Pa.;  Roswell  D.  Carpenter,  Shreve¬ 
port,  La.;  David  P.  Thomas,  U.  of  Wash., 
College  of  Forestry,  Seattle  5,  Washington; 


Leland  Hooker,  Mich.  College  of  Mining 
&  Technology,  Houghton,  Michigan;  Gam 
Neiderhoff,  West  Va.  Pulp  and  Paper 
Company,  Charlestown,  South  Carolina; 
George  Carr,  Pacific  Car  and  Foundry  Com¬ 
pany,  Franklin  Park,  Illinois;  Gerald  F. 
Bell,  Forest  Products  Laboratory  of  Can¬ 
ada,  Ottawa,  Ontario,  Canada;  Milton 
Mater,  Mater  Machine  Company,  Corvallis, 
Oregon ;  Kenneth  Compton,  Syracuse  Univ., 
Syracuse  10,  New  York;  E.  A.  Clevenger, 
Corley  Mfg.  Company,  Chattanooga,  Ten¬ 
nessee;  John  Sims,  W.  T.  Smith  Lumber 
Company,  Chapman,  Alabama ;  Myron 
Kreuger,  U.  of  Calif.,  Berkeley,  Califor¬ 
nia;  Bruce  Maty,  Southern  Lumber  Com¬ 
pany,  Warren,  Arkansas;  W.  J.  O’Neill, 
University  of  Missouri,  Columbia,  Mis¬ 
souri;  Henry  F.  Horton,  The  Prescott  Com¬ 
pany,  Menominee,  Michigan;  Olin  Lee, 
U.  S.  Plywood  Corporation,  Cosmos,  Wash¬ 
ington;  Joe  Denton,  Filer  &  Stowell,  Inc., 
Milwaukee  7,  Wisconsin. 

Packaging 

Chairman — Earl  R.  Stivers,  Director  of 
Research,  Package  Research  Laboratory, 
Stapling  Machines  Company,  Rockaway, 
New  Jersey;  J.  R.  Watkins,  New  Haven, 
Connecticut;  P.  D.  Brentlinger,  Pennsyl¬ 
vania  R.  R.,  Philadelphia,  Pennsylvania; 
William  D.  Eisenhauer,  Rockwell  Mfg. 
Co.,  Randolph,  Wis. ;  L.  N.  Erickson, 
Berkeley  1,  California;  A.  P.  Kivlin,  Chi¬ 
cago  16,  Illinois;  W.  J.  Balster,  Chicago 
13,  Illinois;  J.  D.  Elston,  Des  Plaines, 
Illinois;  R.  F.  Weber,  Chicago  9,  Illinois; 
Nathan  Tufts,  Greenfield,  Massachusetts; 
C.  S.  Macnair,  Acme  Steel  Company,  Chi¬ 
cago  8,  Illinois;  F.  C.  Dansereau,  Asso¬ 
ciation  of  American  Railroads,  Chicago  5, 
Illinois;  A.  J.  Panshin,  Michigan  State 


College,  East  Lansing,  Michigan ;  R.  A. 
Ferrell,  Kennedy  Car  Liner  &  Bag  Co., 
Shelby ville,  Indiana;  David  E.  Herrick, 
Carbondale  Forest  Research  Center,  Carbon- 
dale,  Illinois;  L.  I.  Winebrenner,  Protec¬ 
tion  Products  Mfg.  Co.,  Kalamazoo,  Michi¬ 
gan;  G.  G.  Garlick,  Protection  Products 
Mfg.  Co.,  Kalamazoo,  Michigan;  E.  George 
Stern,  Virginia  Polytechnic  Institute, 
Blacksburg,  Va.;  A.  R.  Tegge,  Jr.,  Quar¬ 
termaster  Container  Laboratories,  Chicago 
9,  Illinois;  J.  R.  Roberts,  Weyerhaeuser 
Timber  Company,  Longview,  Washington; 
George  A.  Garratt,  Yale  School  of  For¬ 
estry,  New  Haven,  Connecticutt ;  Newell  A. 
Norton,  Penn  State  College,  State  College, 
Pa. 

Quality  Control 

Chairman — C  h  a  r  1  e  s  Latimer,  Nickey 
Brothers,  Inc.,  2700  Summer  Avenue,  Mem¬ 
phis  12,  Tennessee;  Charles  A.  Bicking 
Dept,  of  Army,  Washington  25,  D.  C.; 
J.  S.  Bethel,  North  Carolina  State  Col¬ 
lege,  Raleigh,  North  Carolina ;  John  Ritchie, 
Douglas  Fir  Plywood  Assoc.,  Tacoma, 
Washington ;  Richard  C.  Calahan,  The 
Singer  Manufacturing  Co.,  South  Bend,  In¬ 
diana;  Aubrey  E.  Wylie,  State  University 
of  New  York,  Syracuse  10,  New  York. 

Wood  Composition  Board 

Chairman — George  G.  Marra,  Washing¬ 
ton  State  Institute  of  Technology,  Pullman, 
Washington;  Wayne  Lewis,  U.  S.  Forest 
Products  Laboratory,  Madison  5,  Wiscon¬ 
sin;  F.  F.  Beil,  Curtis  Co.,  Inc.,  Clinton. 
Iowa;  H.  C.  L.  Miller,  Miller  Hofft,  Inc.. 
Richmond,  Virginia;  J.  B.  Palmer,  Mason¬ 
ite  Corporation,  Chicago,  Illinois;  Arthur 
L.  Mottet,  Long-Bell  Lumber  Company, 
Longview,  Washington;  Hartley  K.  Phin 


Crogan-(Jochran 
lumber  Company 


MANUFACTURERS  OF 

YELLOW  PINE  LUMBER 

MAGNOLIA, TEXAS 
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•  KNIVES  • 


Cutting  Tools  You  Can  Depend  On 
for  Quality,  Performance,  Economy 

Made  of  steel  from  Simonds  own  steel  mill,  each  Simonds  Cutting 
Tool  is  designed  and  manufactured  expressly  for  the  particular  job 
it  has  to  do.  The  making  of  these  famous  high  quality  Saws, 
Knives  and  Files  is  supervised  by  men  of  long  experience  in  pro¬ 
ducing  the  finest  in  cutting  tools  .  .  .  tools  that  step  up  production 
and  cut  costs  .  .  .  tools  that  are  preferred  throughout  the  forest 
products  industry. 

Simonds  experienced  Saw  and  Knife  Specialists  will  be  glad  to  help 
with  any  unusual  cutting  problems — can  be  reached  through  your 
nearest  Simonds  office.  Simonds  Products  are  sold  through  leading 
Industrial  Supply  Distributors. 


SIMONDS 

SAW  AND  STEEL  CO. 


FITCHBURG.  MASS. 


BRANCH  OFFICES  IN  BOSTON,  CHICAGO,  SAN  FRANCISCO  and  PORTLANO,  ORE. 
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ney,  Bakelite  Corp.,  Manchester,  N.  H.; 
James  S.  Thornton,  Downington  Mfg.  Co., 
Downington,  Pa.;  Richard  L.  Burkhart, 
Southern  Laminating  Company,  Memphis  1, 
Tennessee;  T.  M.  Gepford,  American  Mfg. 
Company,  Inc.,  Tacoma  2,  Washington; 
Thomas  J.  Martin,  Monsanto  Chemical 
Company,  Springfield  2,  Mass. 

Wood  Drying 

Chairman — Raymond  C.  Rietz,  U.  S. 
Forest  Products  Laboratory,  Madison,  Wis¬ 
consin;  Fred  E.  Dickinson,  University  of 
Michigan,  Ann  Arbor,  Michigan;  Leif  D. 
Espenas,  Oregon  Forest  Products  Labora¬ 
tory,  Corvallis,  Oregon;  William  J.  Delm- 
horst,  Delmhorst  Instrument  Company, 
Boonton,  New  Jersey;  Willard  E.  Pratt, 
California  Redwood  Association,  San  Fran¬ 
cisco  11,  California;  Irwin  Elkins,  Custom 
Drying,  Inc.,  Kenne,  N.  H.;  E.  D.  Mar¬ 
shall,  Lufkin,  Texas;  Harold  Rhodes,  J.  W. 
Bolton  &  Sons,  Lawrence,  Mass. 

Wood  Finishing  Committee 

Chairman — B.  E.  Clatworthy,  Radio  Cor¬ 
poration  of  America,  501  N.  La  Salle 
Street,  Indianapolis  1,  Indiana;  R.  I.  Quig¬ 
ley,  The  Lilly  Company,  High  Point,  N.  C.; 
F.  H.  Thomas,  Sherwin-Williams  Company, 
Chicago,  Illinois;  Willis  E.  Martin,  Grand 
Rapids  Varnish  Co.,  Grand  Rapids,  Michi¬ 
gan;  F.  L.  Browne,  U.  S.  Forest  Products 
Laboratory,  Madison,  Wisconsin;  Frank  X. 
Thompson,  R.  C.  A.  Victor  Division,  Cam¬ 
den,  N.  J.;  Ben  H.  Craft,  Grand  Rapids 
Varnish  Co.,  Grand  Rapids,  Michigan; 
P.  F.  DeSaix,  The  Carborundum  Company, 
Niagara  Falls,  New  York;  George  G. 
Sward,  National  Paint,  Varnish  &  Lacquer 
Assoc.,  Washington,  D.  C. 


Wood  Machining  and  Equipment 

Chairman — L.  A.  Patronsky,  Wabash 
Screen  Door  Company,  2222  S.  E.  Elm 
Street,  Minneapolis,  Minnesota;  Robert  D. 
Brooks,  Pittsburgh  34,  Pa.;  L.  H.  Reineke, 
U.  S.  Forest  Products  Laboratory,  Madi¬ 
son,  Wisconsin ;  Norman  C.  Bye,  Henry 
Disston  &  Sons,  Inc.,  Philadelphia  35,  Pa.; 
George  W.  Stanley,  La  Grange  Park,  Illi¬ 
nois;  Donald  E.  Flinchbaugh,  Redco  Tool 
Division,  Red  Lion,  Pa. ;  Russell  Gray, 
G.  M.  Diehl  Machine  Works,  Wabash,  In¬ 
diana;  P.  F.  DeSaix,  The  Carborundum 
Company,  Niagara  Falls,  New  York;  R.  S. 
Crowder,  Johnson-Crowder  Company, 
Birmingham,  Alabama. 

Wood  Preservation 

Chairman — W.  N.  Darwin,  Tennessee 
Valley  Authority,  Box  166,  Norris,  Ten¬ 
nessee;  Monie  S.  Hudson,  Taylor  Colquitt 
Corporation,  Spartanburg,  S.  C. ;  Ralph  H. 
Bescher,  Koppers  Co.,  Inc.,  Orrville,  Ohio; 
Henry  W.  Hicock,  Connecticut  Agric.  Exp. 
Station,  New  Haven,  Connecticut;  Robert 
A.  Zabel,  State  University  of  New  York, 
Syracuse  10,  New  York;  Lincoln  A.  Muel¬ 
ler,  Southwestern  Forest  &  Range  Exp. 
Sta.,  Tucson,  Arizona;  Walter  Ring,  Long- 
Bell  Lumber  Company,  Longview,  Wash¬ 
ington;  Ira  Hatfield,  Monsanto  Chemical 
Company,  St.  Louis  4,  Missouri;  J.  A. 
Greenwjild,  Jr.,  Darworth,  Inc.,  Tampa  4, 
Florida ;  Gardner  Garlick,  Protection  Prod¬ 
ucts  Mfg.  Co.,  Kalamazoo  99,  Michigan; 
Lawrence  Leney,  University  of  Missouri, 
Columbia,  Missouri;  J.  Oscar  Blew,  U.  S. 
Forest  Products  Laboratory,  Madison,  Wis¬ 
consin;  I.  V.  Anderson,  Northern  Rocky 
Mountain  Forest  Exp.  Station,  Missoula, 
Montana;  H.  V.  Angell,  American  Lumber 
&  Treating  Co.,  Chicago,  Illinois;  Charles 


S.  Walters,  University  of  Illinois,  Urbana, 
Illinois;  Eldon  A.  Behr,  Chapman  Chem¬ 
ical  Company,  Memphis  3,  Tennessee; 
Mark  Lehrbas,  Southern  Forest  Experiment 
Station,  New  Orleans,  Louisiana;  H.  T. 
McGehee,  Wood  Treating  Chemicals  Co., 
Tuscaloosa,  Alabama;  Alan  A.  Marra,  Uni¬ 
versity  of  Michigan,  Ann  Arbor,  Michigan; 
F.  J.  Meyer,  Dow  Chemical  Company,  Mid¬ 
land,  Michigan ;  W.  C.  Kelso,  Chapman 
Chemical  Company,  Memphis,  Tennessee; 
Walter  Buehler,  University  of  Florida, 
Gainesville,  Florida. 

Marketing 

Chairman — Philip  H.  W.  Creden,  Direc¬ 
tor  of  Public  Relations,  Edward  Hines 
Lumber  Company,  77  West  Washington 
Street,  Chicago  2,  Illinois.  • 

(Committee  being  selected) 

Veneers  and  Plywood 

Temporary  Co-Chairmen — Herbert  O. 
Fleischer,  U.  S.  Forest  Products  Laboratory, 
Madison,  Wisconsin;  James  S.  Bethel,  Di¬ 
rector,  Wood  Products  Laboratory,  North 
Carolina  State  College,  Raleigh,  North 
Carolina. 

(Committee  being  selected) 


Your  Society  now  has  well  over 
a  dozen  active  Subject  Matter  Com¬ 
mittees,  the  latest  of  which  cover 
Marketing,  and  Veneers  and  Ply¬ 
wood.  All  Members  are  urged  to 
take  an  active  part  in  the  work  of 
Committees  that  cover  their  fields 
of  interest,  as  it  is  thus  that  the 
industry  can  improve  itself. 


THERE  ARE  NO  FINER 
VENEERS  IN  THE 
WORLD  THAN  THOSE 
WHICH  BEAR  THIS 
LABEL.... 


mm  (g®G!fl[p5OT 

ttt  LAKE  SHORE  DRIVE  •  CHICAGO  11,  ILLINOIS 
Mills  •  Norfolk,  Va. — Gresham  Oregon 
Mahogany  Lumber  Yard — Jacksonville,  Fla. 


FORESTRY  RESEARCH 
FOUNDATION 

(NON-PROFIT  CORPORATION) 

Serving  the  forestry  interests  both  public 
and  private  in  Oregon  and  the  Pacific  North¬ 
west. 

Organized  to  facilitate,  encourage  and 
promote  research  in  forestry.  Associated 
with  the  Oregon  Forest  Products  Laboratory. 

OFFICE  OF  THE  SECRETARY 

SCHOOL  OF  FORESTRY 

OREGON  STATE  COLLEGE 
CORVALLIS,  OREGON 


270 


DECEMBER,  195 


A  mountain  of  DIFFERENT  containers... 


WRITE  for  full  data— and  send 
us  the  blueprints  of  your  con¬ 
tainers  or  any  other  production 
fastening  job.  We’ll  reply  with  a 
careful  analysis  and  recommen¬ 
dations. 


Do  you  recognize  your  container  here?  SARA¬ 
NAC  Machines  make  all  these  kinds — and  many 
more.  And  CARANAC  Containers  are  different — 
are  stronger — because  they’re  stapled.  That  means 
extra  safety  for  shipping  America’s  industrial — 
and  agricultural — products. 

In  addition,  SARANAC  Machines  set  amazing 
cost  and  production  records.  Consider  the  CR 
Model  (shown  at  left)  for  example  .  .  . 

In  operation,  it  produces  1200  lineal  inches 
of  cleated  box  panels  per  minute.  Actual 
installations  with  a  crew  of  8  people  are 
producing  what  formerly  required  29  peo¬ 
ple  and  a  machinery  investment  costing 
twice  as  muchl 

Perhaps  this — or  similar  equipment — can  do  the 
same  for  you.  SARANAC  offers  55  years’  ex¬ 
perience  and  many  types  of  machines  to  fit  any 
production  requirement. 


SARANAC 


MACHME  CO. 

BENTON  HARBOR,  MICH.' 


Manufacturing  of  the  World*s  Largest  Line  of  Wire  Stitching  Machinery 
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THE  FILER  &  STOWELL  CO. 

MILWAUKEE^WISCONSIN— U.  S.  A. 


OLDEST  AND  LARGEST  MANUFACTURER  OF 


COMPLETE  LINE  HIGH  GRADE  HEAVY 


SAW  MILL  MACHINERY 

1856—1951 


T.  A.  FOLEY  LUMBER 
CO.,  INC. 


We  Manufacture  and  Kiln  Dry 

High  Grade  Band  Sowed  Indiana 
Hardwoods,  Ash,  Quartered 
Oak  and  Walnut 


PARIS,  ILLINOIS 


SALES  COMPANY 

MINNEAPOLIS,  MINN. 


Sugar  Pine  Ponderosa  Pine 
Western  White  Spruce 


Industrial  Box  Shook 


THE  PAS  LUMBER  CO.  LTD.  (Can.) 
WINTON  LUMBER  CO.  (Calif.) 
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GEORGE  M.  HUNT 


Forest  Products  Consultant 
Wood  Preservation 
Wood  Utilization 


129  Bascom  Place 
MADISON  5,  WISCONSIN 


THE  NEWMAN  No.  60 
HAND  JOINTER 


GRANT  B.  SHIPLEY 

Consulting  Engineer 

3010  KOPPERS  BUILDING 
PITTSBURGH  19,  PENNSYLVANIA 


The  Newman  No.  60  Ball  Bearing  Hand  Jointer  is 
indispensable  in  any  woodworking  plant,  large  or 
small.  For  jointing  and  planing  straight  and  out  of 
line  material,  rabbetting,  squaring,  leveling,  mold¬ 
ing,  beading,  grooving  etc.,  the  No.  60  is  unex¬ 
celled.  Tables  are  8  feet  long  adjusting  laterally  to 
give  a  maximum  opening  of  10"  at  cutterhead  and 
a  minimum  opening  of  1%".  Cylinder  is  forged 
from  high  carbon  machine  steel,  accurately  ground 
and  dynetrically  balanced  and  is  mounted  in  Preci¬ 
sion  Type  Ball  Bearings.  The  Newman  No.  60  can 
be  adapted  for  high  frequency  operation,  at  any 
speed  up  to  7,200  R.P.M. 

NEWMAN  MACHINE  COMPANY,  INC. 

GREENSBORO  NORTH  CAROLINA  U.  S.  A. 


INSPECTION  SERVICE 

Poles,  piling,  lumber,  crossarms,  cross¬ 
ties  and  preservative  treatments.  Anal¬ 
yses  of  wood  preservatives. 

A.  W.  WILLIAMS 
INSPECTION  COMPANY 

MOBILE,  ALABAMA 

Inspectors  stationed  throughout  U.S.A. 


PAUL  WATTS,  INCORPORATED 

^^islriLulorS  and  SaieS  ^n^ineerS 

forest  f^roducts 


912—914  Keith  Building 

CINCINNATI  2,  OHIO 


MAin  5680 


PIERSON-HOLLOWELL  COMPANY,  INC. 

MANUFACTURERS  of 

FACE  VENEERS  &  HARDWOOD  LUMBER 

American  Walnut — White  — Mahogany — Fancy  Woods 


GENERAL  OFFICES 
518  N.  Delaware  St. 
Indianapolis  4,  Indiana 


MILLS  . 

Lawrenceburg,  Indiana 
Keokuk,  Iowa 


COMPLETE 

CHIPCORE  PLANTS 


DRY-FORMED  PARTICLE  BOARD 


SURVEYS,  DESIGNS, PRODUCT  SPECIFICATIONS 
MACHINERY  AND  EQUIPMENT 
ENGINEERING  STAFF,  LABORATORY 
AND 

EXPERIMENTAL  PLANT  FACILITIES 


INSTALLATIONS  IN 
OPERATION  PROVE  THE  VALUE 
OF  THIS  SYSTEM 
FOR 

WOODWASTE  UTILIZATION 


MILLER  HOFFT,  INC. 

RICHMOND  26,  VIRGINIA 


[.  WOOD  LUMBER  CO 

GENERAL  OFFICES 

P.  O.  Box  1618,  OAKLAND,  CALIFORNIA 

SALES  OFFICES 

4710  S.  ALAMEDA  ST. -LOS  ANGELES 
727  KENNEDY  ST. -OAKLAND 
908  TERMINAL  SALES  BLDG.  -  PORTLAND 


For  a  truly  good  floor 

NORTHERN 
HARD  MAPLE 

truly  economical 
truly  modern 
'  truly  resilient 


MAPLE  FLOORING 
MANUFACTURERS  ASSN. 

CHICAGO  1,  ILLINOIS 


Cross  Section  Conveyor  Roll 

HEADQUARTERS  for 
LUMBER  CONVEYOR 

North,  South,  Hast,  West — Logan  is  the 
recognized  leader  in  Lumber  Conveyors. 
Sold  in  standard  10  ft.  sections  in  vari- 
o  s  styles  to  suit  requirements.  Prompt 
shipment,  attractive  prices.  A  Logan  dis¬ 
tributor  is  located  near  you. 

LOGAN  CO.,  Louisville  6,  Ky. 


I)  H  C  H  M  B  F  R  .  1  9  *>  3 


Columbia-Hudson 
Lumber  Company 

Manufacturer 


Bradwood,  Oregon 


SOUTHLAND  PAPER 
MILLS,  INC. 

LUFKIN,  TEXAS 


|C 


fo¬ 
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Perpetyal 
^  Eal’ests  - 
Perpetual 
Production 

Here  yesterday  .  .  .  here  today  .  .  . 
here  tomorrow.  Prevailing  standards 
maintained  .  .  .  constant  search  for 
better  ones;  the  nation’s  expanding 
need  for  lumber,  paper  and  chemicals 
acclaimed  .  .  .  the  obligation  to  con¬ 
tribute  to  that  need  accepted  .  .  .  the 
discharge  of  that  obligation  achieved 
'  through  recurring  timber  harvests, 
sustained  by  comprehensive  forest 
management. 

These  attest  Crossett’s  pledge  as  a 
natural-resource  industry,  to  safe¬ 
guard  the  public  interest  now  and 
always  .  .  .  these,  the  principles  to 
which  Crossett  dedicates  its  own 
faith  and  substantial  investment  in 
perpetuating  forests  and  permanent 
production  facilities. 


I  II  \ 


W  0  S  S  E 

CROSSETT,  ARKANSAS 


Manulacltirrrs  oj  Arknn.sns  .Soli  I’iiie,  Royal  Oak  KKK)riii|{.  Harcl- 
wo(mI  l.umiMT.  I  riMird  l.iiiiihiT  and  'rinilxT.s;  Krall  Paper;  W«kmI 
Chemicals,  Charc  oal. 
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MOISTURE  REGISTER 

•  Insures  quality,  tells  moisture  content  for  best 
woodworking  results. 

•  Saves  you  money,  helps  cut  freight  costs. 

•  Protects  your  purchases,  makes  sure  orders  are 
filled  correctly. 

•  Increases  customer  goodwill  by  insuring  your 
deliveries  to  meet  customer  requirements. 


Moisture 
Register 
Model  RF4 
with 

push-button 

electrodes. 


Moisture  Register  instruments  test  moisture  content  in 
wood  and  wood  products  down  to  0%  with  guaranteed 
performance.  There’s  a  model  for  every  purpose,  both 
radio  frequency  and  needle  types,  priced  for  every  budget. 
New  models  now  available  for  wood  waste  and  plaster. 
10-day  free  trial  offer.  No  obligation!  Write  today,  out¬ 
lining  your  requiremer  ts.  Ask  for  information  on  Moisture 
Register  instruments  specially  designed  for  the  textile, 
leather,  paper  and  wood  industries. 

MOISTURE  REGISTER  CO. 

1510  West  Chestnut  St.  Alhambra,  Calif. 


Cascades  Plywood 
Corporation 

Manufacturers  of  Douglas  fir  ply¬ 
wood,  vertical  grain  Douglas  fir 
battery  separators  and  Lebanite 
(smooth-two-sides  hardboard) 


General  office:  Public  Service  Building, 
Portland,  Oregon 

Plants  at:  Lebanon,  Oregon 


Rezo  cell-type 
Flush  Doors 


Promote  CONSERVATION 


Through  PRESERVATION 


-  BY  USING  - 


Manufactured  hy 


Black  Beauty^* 
Products 


PAINE  LUMBER  CO. 


OSHKOSH,  WISCONSIN 


TEXAS  CREOSOTING 
COMPANY 

Orange,  Texas 
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with  Welded  Steel  Construction 


beams  2  to  2H  times  stiiTer  than  cast  iron. 
Optional  equipment  includes  patented  V- 
belt  driven  high  speed  cope  motor  units, 
stationary  or  jump  dado  arbors,  scoring 
saws,  tilting  tenon  motors,  jump  relishing 
attachment,  window  side  frame  grooving 
attachment,  and  many  other  items.  Write 
for  Bulletin  No.  400. 


Many  intricate  and  special  operations  can 
be  performed  on  the  No.  400  Tenoner. 
Each  machine  is  made  to  fit  your  require¬ 
ments  in  a  variety  of  sizes  up  to  20  feet 
or  more  between  tenon  shoulders.  Chain 
beams  can  be  extended  to  square  cut  up 
to  96  inches  or  more  ahead  of  trim  saws. 
Welded  steel  construction  makes  the 


DOUBLE  CUT-OFF  SAW 


The  No,  300  Saw  can  be  depended  upon 
for  accurate  production  at  high  rates  of 
speed.  It  is  made  in  a  range  of  sizes  to  fit 
different  conditions,  and  can  be  equipped 
with  such  labor-saving  attachments  as 
cope  motors,  stationary  or  jump  dado 
arbors,  or  other  devices  to  meet  specific 
problems.  Order  Bulletin  No.  300. 


o 


SPEEDS  PRODUCTION 
WITH  ITS  RAPID  SET-UP 
ACCURACY,  FLEXIBILITY 


GREENLEE  NO.  MS  DOUBLE-END  TENONER  IN  OPERATION 
AT  CALIFORNIA  FURNITURE  SHOPS.  LOS  ANGELES 


GREENLEE  WOODWORKING  MACHINERY:  MORTiSERS  •  BORERS  •  SAWS  •  TENONERS  •  PLANERS  •  SHAPERS  •  MORTISING  S  BORING  TOOLS 


Here’s  what  California  Furniture  Shops,  Los  Angeles, 
has  to  say  about  their  Greenlee  No.  545  Double- 
End  Tenoner,  which  they  purchased  in  1948, 

“We  are  particularly  pleased  with  its  rapid  set-up, 
accuracy,  and  flexibility.  Since  the  installation  of  the 
No.  545,  we  have  not  had  a  moment’s  production  loss 
from  breakdown  or  mechanical  failure  of  any  kind. 

“Production  has  been  higher  and  the  quality  of 
work  better.  In  fact,  when  the  need  came  for  a  double¬ 
end  cut-off  saw,  we  purchased  the  Greenlee  No. 
542  because  of  the  similarity  between  it  and  the 
No.  545  Double-End  Tenoner. 

“To  anyone  considering  the  purchase  of  a  Double- 
End  Tenoner,  we  cannot  recommend  the  machine 
too  highly.” 


This  is  just  another  example  of  the  satisfaction 
and  important  production  benefits  you,  too,  can 
expect  from  this  outstanding  machine. 

For,  as  “a  woodworking  plant  in  itself,”  it  per¬ 
forms  13  separate  operations  swiftly,  accurately  .  .  . 
even  processes  serpentine  and  other  irregular  shapes. 
And  it  steals  job  after  job  from  single-purpose  ma¬ 
chines  to  streamline  production,  lower  your  costs. 

Get  complete  specifications  today  .  .  .  ask  for  Bul¬ 
letin  545.  Greenlee  Bros.  &  Co.,  1738  Twentieth 
Ave.,  Rockford,  Illinois. 


GRE^^E 


, . .  Greenlee  No.  545  Double-End  Tenoner 
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WOOD  WORKING  DIGESTS 


Presentation  To  Be  Made  At 
Forest  Products  Research 
Society’s  Annuai  Meeting 


IN  RECOGNITION  OF 
/I  OUTSTANDING  SERVICE 

i,\  IN  THE  PROMOTION  OF 
\\  ^WOOD  AND  WOOD 

utilization 

“  to  All  Assoiiathns  ami  Rrms 


For  Fell  Information 
and" Entry  Blanks  '  I 


Editor,  WOOD  WORKING  DIGEST 
222  E.  Willow  Avo.,  Wheaton,  III. 


Please  forward  full  information  about  your  AWARD  OF  MERIT  CONTEST 


PHONE 


!  Firm  or  Association  Name 


Annual  Index 
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See  Machinery  in  Action 


Showmen,  A.  Stuart  and  R.  Hiller 


See  the  Newest  and  Finest  in  Operation 


Plan  Now  to  Attend  the  "1954  Woodworkers' 
Industry  Show"  at  Grand  Rapids,  May  5,  6,  7 


BEING  HELD  CONCURRENTLY 
AND  IN  COOPERATION  WITH 
THE  FOREST  PRODUCTS 
RESEARCH  SOCIETY 
8th  NATIONAL  MEETING 

Every  person  in  the  woodworking  and 
forest  products  industries  is  cordially 
invited  to  attend  the  "1954  Wood¬ 
workers’  Industry  Show”  in  Grand 
Rapids,  Michigan,  May  5,  6  and  7. 
Here  you  will  see — much  of  it  in  actual 
operation — the  new  and  finest  lines  of 
machinery.  You  will  see  every  type  of 
allied  service  and  product— adhesives, 
wood-treating  chemicals,  chipcore, 
hardboard,  finishes  and  many  others. 
You  will  be  able  to  see,  compare  and 
judge  the  products  you  need  for  your 
own  production. 

Over  100  Exhibits  Planned 
The  1954  Woodworkers’  Industry 
Show  promises  to  be  one  of  the  finest, 
if  not  the  finest,  ever  staged  for  the 
benefit  of  the  woodworking  industry. 
The  Show  is  managed  by  some  of  the 
same  men  who  assured  the  success  of 
the  previous  F.P.R.S.  Industry  Show 
at  Grand  Rapids  in  1949. 

It  is  endorsed  by  the  Association  of 
Manufacturers  of  Woodworking  Ma¬ 
chinery.  Finally,  the  Show  is  being 
staged  in  full  cooperation,  from  an 
arrangements  standpoint,  with  the 
Forest  Products  Research  Society,  who 
will  hold  their  1954  National  Meeting 
under  the  same  roof — in  the  Grand 
Rapids  Municipal  Auditorium — as  the 
Woodworkers’  Industry  Show.  Re¬ 
member  those  dates  again — May  5,  6, 
and  7  for  the  1954  Woodworkers’ 
Industry  Show  and  8th  National 
FPRS  Meeting. 


Partial  List  of  Companies  Exhibiting  (as  of  Dec.  13,  1933) 


Aget  Co. 

Fiberesin  Plastics 

Onsrud  Machine  Works,  Inc. 

Alexander  Dodds  Co. 

Fjellman  &  Winther  Eng.  Co. 

Pearson  Sanding  Machine  Co. 

American  Cyanamid  Co. 

Foley  Mfg.  Co. 

Perkins  Glue  Co. 

Armstrong  Machine  Works 

Greenlee  Bros. 

C.  O.  Porter  Machinery  Co. 

Auto-Nailer  Co. 

Hitchcock  Publishing  Co. 

Powers  Wire  Products 

The  Bahnson  Company 

Howell  Electric  Motors 

Protection  Products  Mfg.  Co. 

The  Bell  Machine  Co. 

Industrial  Woodworking 

Radial  Cutter  Mfg.  Corp. 

Berthelsen  Engineer  Works 

Irvington  Machine  Works 

Redco  T(X)I  Company 

The  Black  Bros.  Co.,  Inc. 

Lemmon  &  Snoap 

Rees  Blow  Pipe  Co. 

Barden  Co. — Chemical  Div. 

Louis  Allis 

Reeves  Electronic  Co. 

Buss  Machine  Works 

Mann-Russell  Electronics 

Rockwell  Mfg.  Co. 

C.K.L.  Machine  Co. 

Masonite  Corporation 

B.  M.  Root  Company 

Cleworth  Publishing  Co. 

Mattison  Machine  Works 

Sheboygan  Machine  Co. 

Cosgrove  Publishing  Co. 

McDonough  Mfg.  Co. 

SimcJnds  Saw  Company 

Curtis  Machine  Corp. 

Mereen-Johnson  Machine  Co. 

Standard  Dry  Kiln 

Delmhorst  Instrument  Co. 

Monica!  Machine  Co. 

Tannewitz  Works 

J.  T.  Donnelly  Ltd. 

J.  M.  Nash  Company 

The  Union  Tool  Corp. 

Drake  Corporation 

National  Adhesives 

Walters  Mfg.  Co. 

Duro  Metal  Prod.  Co. 

National  Casein  Co. 

Williams  Pulverizer  Co. 

Econaway  Mfg.  Co. 

Nelsonite  Chemical  Products. 

Wisconsin  Knife  Works 

Electronic  Heating  Corp. 

Inc.  ^ 

Wolverine  Finishes  Corp. 

Ekstrom,  Carlson  &  Co. 

Newman  Machine  Co.,  Inc. 

Wood  and  Wood  Products 

J.  A.  Fay  &  Egan  Company 

Oliver  Machinery  Company 

Yates-American  Machine  Co. 

For  Further  Particulars  on  Remaining  Exhibit  Space  Write 

HILLER  &  STUART  CO. 

601  FIFTH  STREET,  N.  W.  GRAND  RAPIDS,  MICHIGAN 
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THiSI  XRE  typical  OP  THI.AC 
IN  DIVIRSIPIEIL^MOLDEO  PRODOC 


LILLY 


VARNISH 
COMPANY 

666  S.  CALIFORNIA  STREET 
INDIANAPOLIS,  INDIANA 


Serving  industry  with  all  types  of 
product  finishes  and  coatings: 

VARNISHES  •  LACQUERS  •  ENAMELS 
METAL  LITHO  COATINGS  •  STAIN  and 
WOOD  FILLERS 


A  lot  of  people  think  of  coatings 
only  os  they  apply  to  the  wood  and 
metal  working  field.  Certainly,  Lilly 
Industrial  Product  Finishes  have  much 
broader  usage. 

For  instance,  a  big  user  of  ALL 
types  of  Lilly  coatings  is  Hawley  Prod¬ 
ucts  Company,  St.  Charles,  III.,  pro¬ 
ducers  of  a  variety  of  molded  fibre 
and  resin  fibre  plastic  products.  Haw¬ 
ley  foreign  plants  also  are  located  in 
Canada,  England,  Australia  and  South 
America. 


Hawley’s  "know  how".  .  .  pride  of 
craftsmanship  . . .  product  diversifica¬ 
tion  .  .  .  and  development  of  new 
processes  have  gained  for  them  an 
enviable  position  in  the  reinforced 
plastic  industry. 

Lacquers,  varnishes  and  pigmented 
coatings  for  Hawley’s  diversified  line 
of  products  are  furnished  by  Lilly  Var¬ 
nish  Company.  Another  typical  ex¬ 
ample  of  Lilly  coatings  at  work  for 
industry. 
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FOR  HARDBOARD  AND  INSULATTFTG  BOARD 


Press  Section  of  Downingtown  Wollboord  Machine  for 
making  hardboard  at  Oregon  Lumber  Co. 


Head  box  ond  Fourdrinier  type  forming  section  of  the 
■machine  shown  ot  left. 


John  V.  Roslund,  Pacific  Building 


Cantilevered  press  section  of  a  new  wallboard  machine  Pneumatic  cylinder  loaded  press  section  of  a  Downingtown 

making  either  hard  or  insulating  board.  Wallboard  Machine  showing  two  suction  press  rolls. 


A  number  of  new  processes  have  been 
recently  developed  which  utilize  what 
were  formerly  “waste”  wood  products  in 
the  production  of  valuable  hardboard  and 
insulating  board  for  the  building  industry. 

An  important  part  of  the  process  is  per¬ 
formed  by  Downingtown  Wallboard 
Machines,  consisting  of  a  forming  and 
press  section,  continuously  producing  a 
wet  mat  to  close  tolerances. 


Be  sure  to  consult  a  Downingtown  Sales 
Engineer  about  wallboard  production.  Or 
write  for  Bulletin  No.  S49. 
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WHITNEY  No;  97  Double  Surfacer 


is  the  outstanding  Double  Surfacer 


PLANERS  •  SHAPERS  •  AUTOMATICS  •  VARIETY  SAWS  •  BACK  KNIFE  LATHES 
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BAXTER  D.  WHITNEY  &  SON,  Inc. 

Planer  Specialists  for  more  than  100  years 

WINCHENDON,  MASSACHUSETTS,  U.  S.  A. 


The  Whitney  97  is  built  to  meet  to¬ 
day’s  production  requirements. 


It’s  capable  of  volume  production 
day  in  and  day  out,  year  in  and 
year  out. 


Its  smooth,  quality  planing  means 
less  sanding,  less  handling. 

Its  dependable  performance  means 
years  of  trouble-free  service. 


Add  these  features  to  Whitney’s 
long  experience  in  building  quality 
planers  and  Whitney’s  careful  and 
exacting  workmanship  in  every  de¬ 
tail  of  planer  construction  and  you 
get  low  cost  operation,  low  upkeep 
cost  and  the  most  profitable  planer 
investment  that  you  can  make. 


tn  Our  116th  Year 


Investigate  the  Whitney  97  for  all  of  your  double  surfacing 
requirements  today.  Write  for  No.  97  planer  bulletin 


WHITNEY  No.  97  DOUBLE  SURFACER 
Variable  Speed  Drive.  Micro-feed  Selector.  Motor 
raising  and  lowering  of  bed.  Self-reversing,  power 
feed  grinder.  Ball  and  roller  bearing  throughout. 
Easy  adjustment,  convenient,  fingertip  controls 
with  safety,  frtture.  Feeds:  30  to  90  feet  per  minute. 
Planes  otock  V'  to  7"  thick.  Widths  30",  36",  40" 
and  44". 
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•  REDUCED  COST  ON  FITTING 

AND  SANDING  OPERATION 

•  SUBSTANTIALLY  IMPROVED 

QUALITY  OF  MOULDING  WORK 

FOR 

IMPERIAL  FURNITURE  COMPANY 

FINDS  MATTISON  276  .  .  . 

•  Easy  to  set  up 

•  Stays  put 

•  Vertical  and  cross  adjust¬ 
ment  of  Cutterheads  are 
made  quickly  and  positively 

•  Outboard  bearings  elimi¬ 
nate  vibration  in  heavy  cuts 

•  Attached  wrenches  simplify 
setting  of  guides 


IMPERIAL  FURNITURE  COMPANY 

Kual  A _ 


GRAND  RAPIDS  3  MICHICAN 


Uarcb  18.  l>iS5 


Mattlson  Machine  Works 
Rockford,  Illinois 


Early  this  year,  we  Installed  one  of  your  Wo.  276 
ReaTy-Duty  High  Speed  Electric  Moulders.  We  thought  you 
might  like  to  know  how  we  are  getting  along  with  this 
machine. 

Here  at  Imperial,  we  manufacture  a  ccmplete  line  of 
high  grade  tables,  and  the  moulder  work  must  be  as  nearly 
perfect  as  possible  to  reduce  our  sanding  and  fitting 
operetlons.  With  the  addition  of  this  Mattlson  No.  276, 
the  quality  of  our  moulded  work  has  Improved  substantially 
while  our  costs  have  gone  down. 

Our  operators  find  this  Mattlson  No.  276  very  easy 
to  set  up,  due  to  the  accessibility  of  all  the  adjustments 
and  controls.  Vertical  and  cross  adjustments  of  the  cutter- 
heads  are  made  positively  and  quickly,  and  the  hand  looking 
wrenches  which  are  attached  to  the  machine  simplify  setting 
of  the  guides.  Another  feature  Is  that  It  "steya  put", 
which  Is  no  doubt  due  to  the  rigid  construction,  precision 
manufacture,  end  advanced  engineering  design.  The  outboard 
bearings  eliminate  vibration  In  heavy  outs,  and  we  believe 
that  any  high  speed  moulder  spindle  should  have  an  outboard 
bearing. 

Vi'e  are  confident  that  this  machine  will  continue  to 
perform  efficiently  for  a  great  many  years. 

Tours  very  truly. 


IMPERIAL  FDRN|7nRE  CCUPANY 


A.  T.  Christy 
Plent  Manager 


•  Imperial  Furniture  Company’s  reputation 
for  building  a  high  quality  line  of  tables  is  in  a 
good  measure  due  to  precise  fabrication  meth¬ 
ods  which  insures  consistently  accurate  re¬ 
sults  and  proper  fitting  of  all  parts.  Mr.  A.  F. 
Christy,  Plant  Manager  of  Imperial,  has  been 
around  the  woodworking  industry  for  a  good 
many  years  and  knows  what  he  wants  and  has  to 
have  in  the  way  of  production  and  accurate 
results.  The  above  letter  telling  of  his  experience 
with  the  Mattison  276  Moulder  is  an  example  of 
what  this  machine  is  doing  for  a  good  many 
others.  For  complete  information  on  the  Matti¬ 
son  276  High  Speed  Electric  Moulder,  ask  us 
to  send  you  our  latest  free  circular. 
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105  REPUBLIC  AVE. 

JOLIET,  ILLINOIS 


MAILING  ADDRESS 

P.  O.  BOX  1205 


INSURES 

ADVANCED 

DESIGN 


r-! 

HR 

